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PREFACE 


The lack of organization and the proper distribution of emphasis 
have been the two major difficulties in the teaching of a general 
course in nature. In designing a textbook for such a course the 
author is faced with the problem of organizing and properly em- 
phasizing a vast amount of material. In view of the great amount 
of literature required in the proper pursuit of a course in natural 
science, a textbook must bo constructed so as to collate and coor- 
dinate the factual and the methodological principles involved. This 
text attempts to meet the manifold needs of a general course. It 
is presented first as a course of study and secondly it involves a 
method of procedure. It is designed to fulfill the requirements of a 
cultural cour*’^ in biology and to serve as a basic text in Nature 
Study, Field Biology, and Elementary Ecology Courses. Inas- 
much as investigative studies arc recommended, the bibliography 
is rather extensive. The reference literature has been carefully 
selected from the thousands of available books and papers pertinent 
to the subject. In order to keep the book within proper bounds, 
it has been necessary to curtail extensive discussions of many 
things that could be attractively elaborated. It is hoped, however, 
that the work will point the way toward a happy underst.'inding of 
the biotic w^orld. 

A classification of the animal world and a simplified cJ ' sification 
of habitats have been included after serious consideraiion. In 
alpiost twenty years of teaching natural science courses, the 
author has encountered the need of readily available schemes of 
,this kind, especially in field and laboratory studies. The insertion 
of scientific names is for the purpose of avoiding confusion. Fre- 
quently a common name is applied to a number of different species 
and sometimes an individual has numerous common names. The 
species are indicated to show definitely what is meant. The di- 
versity of content precludes the desired smoothness of continuity, 
perhaps,, but it seemed best to present each phase of the subject 
in a unit discussion. The text is, in a way, u, pioneer in its field and 
the usual crudities of pioneer work are probably evident. The 
method, however, has been thoroughly tested in college, univer- 



VI 


PREFACE 


sity, and teachors’ c()llo«:e classes and also in courses given at the 
University of Pittsburgh Biological Station on Lake Erie. 

author is indebted to many persons for assistance in the 
preparation of the work. To my assistants, Mr. George J. Dam- 
bach, Mr. Lee W. Henderson, Jr., and Mr. G. E. Wallace much 
credit is due. Mr. Dambach who has worked with me at the 
University biological station and in the Amazonian jungles, has 
helped greatly in preparing illustrations and he is responsible for 
most of the original photographs included. Mr. Henderson has 
worked tirelessly in the checking of bibliographies and in reading 
proof. Mr. \S'allace assisted in organizing the Hymenoptera into 
major groups. I cannot thank these men enough for what they 
have done. 

Misses Virginia Means, Martha Fuller, and Dr. Edna Higl)ee 
have typed the manuscript in its various forms. Messrs. Hershed 
Stone, Johann Melassonos, and Alexander Varlashkin have ren- 
dered mechanical assistan(*o which is greatly approciatc'd. 

Mr. M. Graham Netting of the Carnegie Museum read the 
chapters on Amphibians and Reptiles. Dr. Stanley T. Brooks also 
of the Carnegie Museum has offered some valuable suggestions 
and supplied the excellent drawings of snails. With his wife. 
Dr. Betty Watt Brooks, he prepared the key to the land snails. 
Mr. R. L. Fricke of the Carnegie Museum generously supplied the 
pictures of birds’ nests; Dr. A. W. Lindsey of Denison University 
read the chapter on Insects and offered some helpful sugg('stions. 
Professor Andrew Lestt?r of Frick Teachers’ College n^ad and 
criticized the chapter on Spiders. Dr. (). E. Jennings, H(‘ad of the 
Biology Department of the University oi* Pittsburgh and Curator 
of Botany at the Carnegie Museum, road the chapters on I’laiRs 
and Trees, and his criticisms were very helpful. Pr()fc\ssor'R. A. 
Waldron of Slippery Rock Teachers’ Coll(>ge and Mr. ,1. K. Doutt, 
of the Carnegie Museum made some splendid sugg(\stions. ^Mr. 
John G. Mock, Outdoors Columnist of the Pittsburgh Pn^ss, sug- 
gested a few of the questions included in the list in Appendix B. 

To all of these the author is deeply grateful. 

In illustrating the text, the author has had to depend upon the 
generosity and prof-^ssional spirit of numerous authors and pub- 
lishers. In few countries of the world will one find such a spirit of 
helpful cooperation as is evidenced by the writers and publishers 
in the United States. The following persons and institutions have 
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graniously contributed illustrations which are duly acknowledged. 
Dr. and Mrs. A. H. Wright and Dr. A. A. Allen of Cornell Uni- 
versity; Dr. E. M. Gross, State Botanist of Pennsylvania; Miss 
Fern L. Taylor supplied the drawings of galls; Dr. Audrey Avinoff, 
Dire^itor of the Carnegie Museum; Messrs. W. Gard Conklin and 
James Morton of the Penna. Game Commission technical staff; 
the Hon, O. M. Dcibler, Commissioner of Fisheries in Penna.; 
Mr. Harry Stackpole, Secretary of the Penna. Board of Fish Com- 
missioners; Drs. F. E. Lutz and Frank M. Chapman of the Ameri- 
can Museum of Natural History; Dr. Austin H. Clark of the Smith- 
sonian Institution; Dr. C. C. Adams and the N. Y. State Museum; 
Dr. Raymond L. Ditmars and W. H. Bridges of the New York Zo- 
ological Society; Dr. H. H. Ross and the Illinois State Laboratory 
of the Natural History; Dr. Bristow Adams and the Cornell Agri- 
cultural Experiment Station; Dr. Joseph S. Illick of the N. Y. 
State College of Forestry; Dr. Homer H. Will and the Penna. 
Academy of Stdence; the Penna. Department of Forests and 
Waters; Denoyoi Ge})peit & Co.; The General Biological Supply 
Co. ; the Directors and Staffs of the Bureaus of Entomology and the 
Biological Survey in the U. S. Department of Agriculture. To all 
of these the author expresses his grateful thanks. 

To th(^ following publishers and to the authors of the books they 
have published, the writer cannot adequately express his feelings 
of gratitude. To all of them he extends the privilege of using any 
or all of the original illustrations included in the text as well as 
others in his possession. The i)ublishers who have generously ex- 
tended courtesies are: The Macmillan Cj.; Ginn & C : Henry 
Holt & Co.; P. BlakistoiPs Son & Co.; D. Appleton-Cen.ury Co., 
Inc.; G. P. Putnam's Sons; John Wiley & Sons; McGraw-Hill 
B(jok Co.; D. Van Nostrand Co., Inc.; Carnegie Museum; and the 
University of Pittsburgh Press. 

^ To the officials and editorial staff of The Macmillan Company 
the ituthor extends heartfelt thanks for their co('>p(»rative and 
tolerant consideration. 

For the mimerous err 'vs and oversights which are no doubt 
present in the work, tlu author assumes full responsibility. 

Samttkt, TT 
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CHAPTER I 


THE STUDY OF NATURE 

In attempting to present all of the biological phases of nature 
in a single text, the author is not unaware of the almost impos- 
sible demands of such an endeavor. This work is not designed 
sol(‘ly from the standpoint of imparting information. To incor- 
porate a vast amount of information on the subject-matter here 
entertained would necessitate a book of unwieldy proportions. 
An attempt has been made to include the fundamentals and to 
omit information that is readily available in scores of elementary 
textbooks and numerous manuals. Furthermore, information as 
such is hard^v justifiable. Unless the book prepares the student 
of nature for pursuing the study entirely on his own, it will miss 
its aim. After all, the investigative habit is the fundamental 
basis of science; and it should be clear in the beginning that there 
is a vast fund of information about the principles and organisms 
mentioned here — so vast that the life span of humans is not suffi- 
cient time to acquire all of the known facts. Numerous volumes 
have been written on many of the individual subjects discussed 
in this text. It would be utterly imiwssible to incorporate ex- 
tended discussions of many individual groups of organisms in a 
book of this kind. 

The informational emphasis also precludes methodical pro- 
cedures. To learn the birds, iiLsects, or mammals of a region 
without study of the application of principles to them would 
render the student helpless if he were to change the scenes of his 
investigations. The principles are universal. They apply to life 
in the tropics as well as to life in the arctic regions. To know the 
principles of interpretation makes it possible for anyone to gather 
inforniation quickly, no matter where. This text is constructed 
with the idea of indicating what is to be learned; and where and 
how to get this information. It is hoped that the cardinal prin- 
ciples of life in its various forms will be revealed and that the 
student will be prepared to pursue the study of nature with con- 
fidence, enthusiasm, and wdth an understanding heart. 

3 
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By the student is meant anyone who has the desire to become 
familiar with plants and animals as they are related to each other 
and to their environment. A brook becomes a world of lib' to the 
initiated. It represents a society of its own with a diverse poi^ulace, 
the success of which depends upon conformity to the laws of 
nature and upon the recognition of its limitations by every indi- 
vidual. In it are enacted daily the dramas, melodramas, and 
comedies characteristic of life as we know it. Hatreds, feuds, 
cooperation, work, play, and the eternal struggle for existence 
define the scope of activity of each inhabitant. The weaker perish, 
and even the strong often succumb to tlui calamities of fate. 

The study of nature must be practical as well as tln'oretical. 
The joy comes of seeing the principles at work. Thert'fore this 
book is essentially a guide. It is not merely a textbook of zoology, 
botany, or descriptive ecology. It should serve to point the way 
toward the full and happy pursuit of satisfying an intc'lh'ctual 
curiosity about the world in which w^e liv(j. The author hop('s 
that the limited information incorporated in it will stimulate that 
curiosity. If it does this, and if the principles are pr(\s(nit('d in 
an understanding way, the student has a lifetime program Ix'fon? 
him — a program so diverse as to hold the interest and nt>ver grow 
tiresome. 

One book could not suffice for the complete study of nature in 
the field or in the laboratory. Rc^ferences and special works will 
be ne(!essary. These i^re listed in the bibliographies at the ('iids 
of the \arious chapters. Works of pun'ly local interest ('an Ixj 
suggested by the teacher. This text presu])poses collat(‘ral read- 
ing, outside invcjstigative assignments, and field studies. Tlui 
flexibility of the text allows for the exjmnsion of any phase of 
particular local interest. In schools where extra tinu' is devotc'd 
to the subject, the individual groups can be studicnl in more (h'tail. 

Teachers should find the method useful for increasing the scope 
of their own knowledge; and it is hoped that there', will be many 
suggestions for expanding any course in nature study, wheth(T 
it be elementary or advanced. Mere identities are insufficient; 
such questions about an organism as those listed below should be 
asked and answered as far as possible. Where does it live? What 
kind of a home does it make? Is it active all year? What does 
it eat? Is it solitary, gregarious, colonial, or social? How is it 
adapted to the situation in which it lives? What are its habits? 
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What relationships exist betweciii sexes or among the group? How 
is it aff('c*ted by the physical environni(?nt? How does it secure 
its food? What are its dehmses? These and numerous others, 
many of which are asked and answered throughout the book, are 
vastly inor(^ important than the name of the plant or animal. 

The t(*rm Nature; Study too often suggests something elemen- 
tary, l)ut it has many phases. It may be elementary, or it may be 
<‘xtr(‘mely advaiK^ed and involved; just as mathematics has a 
gradiiatenl scale of compr(;honsiveness. A problem in simple frac- 
tions is as diffi(*ult to the fifth-grader as a problem in shell trajcc- 
tion is to the; college student of calculus. 

TIk; most difficult part of science is tlu; interj)r(*tation of results. 
The naturalist attempts to interpret nature in nature, where 
tla; n'gulatiiig influences an' difficult to discern and when' nu- 
nu'rous factors ol)tain. This is much more difficult than interpret- 
ing results in an experiment where all otlier factors are under 
control. 

It often happc'iis that the average i)erson, and oven school 
childrc'ii, know mon; about African lions, Australian kangaroos, 
and Itoc'ky Mountain she('p than they know about the commo?i 
animals in tlu* iic'ighborhood in which th(‘y live. It is n'grettable 
that so many people have the idea that in ordc'i* to see the won- 
derful things in natun' they must travel to Africa, to tlie South 
American jungh's, or to almost any i)lace just so it is far away 
from when' th(‘y an*; when in reality life is just as interesting and 
much mon' acia'ssibh' in any AiiK'rican countryside. Most of us 
an' ^Moo close' to tlu' fon'st to see the tn'C's,^^ and we overlook the 
iiitc'n'sting |)()ssibilities at our feet. The campus or school yard; 
th(' flow(‘r or vegetable garden; the lU'gh'cted city lot; the shade 
tn'('s that line the streets, not to speak of city parks and suburban 
an'as about gn'at cities — all provide an abundance of matc'rial 
for th(‘ naturalist. And this material, when prop(*rly inter])r('ted, 
r('V('als SOUK' of the most interesting observations on adaptations, 
interrelationships, and the other biological principles discussed 
in this text. 

Happiness through nature. One does not liave to tra\’('l to dis- 
tant lands to find ha[)pin('ss in nature, for here at home — no matter 
where that may be in th('.se United States — tlu' animals and plants 
an; just as interesting in their structural makt'up and in their living 
as th(' animals and ])lants anywhere in tlu' world. With fi'w excep- 
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tions, our butterflies are just as brilliant; our ants do just as many 
interesting things; our animals exhibit just as many interesting and 
diverse protective devices and behaviorisms; our lizards shed their 
tails in order to escape just as they do in the tropics; our plants 
bear flowers that are just as beautiful, and they possess just as 
many interesting devices for insuring their perpetuity; our iiLsects 
sing just as many interesting songs and they display as many 
unique methods of courtship as those found in the heart of the 
Amazon jungles. 

It all depends upon the point of view and upon the develop- 
ment of the nowcrs of observation and understanding. To that 
end this text was written. Field observations are urged to con- 
vince the ''doubting Thomases'' of the veracity of those claims. 

As for children, they need only to be intelligently introduced to 
nature in order to arouse their interest. They are themselves such 
an integral part of nature that the birds, trees, flowers, and insects 
hold for them a commanding interest that will divert their atten- 
tion from questionable forms of entertainment and fill the hours 
of undirected activities with wholesome pursuits. 

The scope of the subject. A comprehensive and useful study of 
plants and animals must include many things: (1) A classification 
of plants and animals is necessary for the study of relationships; 
this is the way of determining individual id(?ntities. (2) The study 
of habitat selection and the adaptations of forms to environ- 
mental conditions develops a knowledge of where animals live 
and are to be found. (3) The study of the modifications of struc- 
tures, physiological processes, and life histories in resiKjnse to 
environmental demands, develops the interpretative ability of the 
student. (4) The effects of physical and chemical environmental 
factors such as light, temperature, chemical nature of the media, 
and humidity, on the habits, behaviorisms, and adjustments of 
plants and animals stimulate continued interest. (5) A knowledge 
of defenses, limits of adjustment, seasonal succession, n^productive 
cycles and capacities, food, and the numerous possible interrela- 
tionships among animals and between the animals and plants 
contributes to a thorough understanding of life and the principles 
involved in its survival, diversification, and distribution. 

In brief, the student, after having finished the course, should 
know a great many organisms in different groups. He should know 
their habits, life histories, defenses, sex relationships, periodic 
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Fig. 1. The pond is a world of living things. 
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activities, and economic values. In addition, the serious-minded 
student will learn considerable about the social, parasitic, sym- 
biotic, and predatory habits of animals and through these studies 
the bases of animal associations will be, in part, revealed. 

This is a huge undcjrtaking, only a fraction of which is possible 
of achievement. But the principles of interpretation will be 
learned; and as time passes, the embryo naturalist” will- mature. 
The acquisition of facts throughout future y(*ars, combined with 
that feeling of being close to nature” — undt*rstanding her 
“various language” — will contribute to a hapiwness which only 
the initiate! i can enjoy. And what is more, the lessons taught by 
nature will reveal that man himself is a part of the cosmic! scrhcmic'; 
an object for the brutal forces of nature to attack; a competitive 
member of the living association. With this knowledge', man 
should live more (efficiently; he should more! easily combat destruc!- 
tive forces; and he should more intelligently solve the problems 
of society. 

The Kinds of Living Things 

There are a great many organisms in the world. Some' of them 
are large, others are small ; some are beautiful, others arc! grotesque; 
some of them are harmless, while others are dangerous; many of 
them seriously menace man's welfare, while others are his closest 
allies in the struggle for existence. Some of thc!se organisms man 
eats; others wx)uld and do eat man if and when oi)i)C)rtunities to 
do so arise. All of tliesc organisms belong c'ither to onc! or the 
other of two existing catc?gories — plant and animal. 

The obvious differences between thc! higher inembc'rs of these! 
two divisions of the living world, such as between a trc'C! and an 
elephant, for instancre, would indicate that thc! two, kinds of or- 
ganisms have littlc! in common. However, a careful scrutiny of 
the plant and animal worlds shows the difficulty of establishing a 
set of distinguishing characteristics by which each may be pos- 
itively identificjd. A living organism can bc! easily distinguished 
from a non-living one by its cic'finite size, dcffiiiite form, irritability 
and its capacity for reproduction. Thc^se properties apply to 
plants as well as to animals. There are large animals, such as 
hippopotami ; and there are microscropic onc\s, such as protozoans. 
There are large plants such as trees, and invisible ones suc!h as 
diatoms. The definitcjiiess of form is a chara(!ter by which many 
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animals are identified; but plants, too, under normal conditions, 
develop a very definite form by which si)ecies can be identified. 
While many or most animals respond actively and spontaneously 
to external stimuli, there ani many kinds such as sponges which 
cannot exhibit a visible response, even to violent distur})ances. 
As a rule, j)lants, on the other hand, respond slowly to stimuli; 
but there are many spe(;i(\s which are so (jxtremely sensitive to 
touch that they fold their leaves wdth almost lightning rapidity 
wdien they are disturbed. One of the most remarkable of these is 
the trojacal simsitivc i)lant, Mimom, which folds up so rapidly 
that it must be anaesthetized before' it can be plac^c'd in a plant 
press. The ins(xitivorous plants mentioned elsewhere are furthc'r 
evidences of i)lant sensitivity. Even the spontaneous movements 
of the stamens of barl)('rry and mountain laurc^l {kalmia) in re- 
sponse to the slight distur))ances produced by alighting insc'cts (s(‘e 
Plants) , and the opening and closing of flowers are sufficient to elimi- 
nate active resnonse as a distinguishing feature of animals alone. 

In higher forms of living things th('re is a distimrt organog('ny; 
ill animals these organs arc dc'veloped internally, while in plants 
they an^ added extc'rnally. But the lower forms of plants and 
animals do not have organs. The cells of higher plants have walls 
of cellulose which is a feature not present in any animals. But the 
lower plants lack this type of c('ll wall, and therefore this cannot 
be considered as a distinctive feature. Both plants and animals 
are composc'd of protoplasm, and both utilize the products of 
cellular metabolism for skeletal purposes. Both eliminate water 
vapor, th(* animals by (evaporation from the body surface ;ind in 
the breath. In plants the water is givcai off ))y transjiiration 
through the stomata on the l(\av('s. The n'spiration of }>lant.s and 
animals is the same, both recpiiring oxygcai and both eliminating 
c:>rbon dioxide. In i)lants, however, the breathing takc's place 
mostly at night. Both plants and animals n?produee by sexual 
and asexual methods. 

Thus wIk'ii the vital process(\s of the two kinds of living organ- 
isms an^ critically compaird, we si'c that with respect to the usual 
suppos(*(l diff(Tenc(\s, both kinds are fundamc'ntally similar. 

HowevcT, thei’(? is one striking and universal feature by which 
plants are distinctly contrast chI with animals. It is in their manner 
of nutrition. All green plants are cat)able of eonvc'rting inorganic 
materials into organic substance by i)hotosynthesis (see Plants), 
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which animals cannot do. The latter must receive their organic 
materials directly or indirectly from plants. The plants lacking 
chlorophyll (saprophytes) obtain their substance directly from 
organic material manufactured by green plants. It is pointed out 
in the discussion of plants that then; are many organisms which, 
as yet, cannot definitely be identified as plants or animals. A vast 
interdependence exists between animals and plants and they 
are often found intimately associated. Striking resemblances and 



Fig. 2. Sand dunes: here*d wells a unique association of plants and animals. 


similarities between the two groups of living organisms (»xist, 
and the mutual effects of one upon the other can be ol)serv(Hl 
everywhere. 

The Phases of Biological Sti dy 

The study of biology includes many organisms. In ordiT to 
understand a group thoroughly, the professional liiologist must 
confine himself to a certain group or to some special phases of 
plants or animals. 

Biology consists of two principal divisions: Botany, which is 
the study of plan and Zoology, which is the study of animals. 
In both of these divisions there are gcaieral and sp(»cific phases 
of an extensive nature. Consequently biology is divided into th(‘ 
several subsciences listed here. Each subsciemee seeks to gatla^r 
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a sum-total of ono kind of information about plants and animals 
and to determine and interpret the principles which govern the 
living substance. The names in parentheses are those attributed 
to specialists in those fields. 

Morphology. The study of the form and structure of organisms. 
This includes anatomy, which is the study of larger structures; 
histology,- the structural features of tissues; and cytology, which 
is the study of the minute anatomy of cells. It also includes em- 
bryology, which is devoted to the study of the formation and 
development of organisms. Every organism, whether simple or 
complex, is composed of differentiated regions or structures, all 
of which are involved in the processes concerned with mainte- 
nance of life. These structures combined give to the organism its 
body form. By the body form most living things are identified. 
However, to interpret the lives of these organisms it is necessary 
to know just what structures compose their bodies. Since the 
naturalist is concerned with the organism as a whole, he must also 
interpret iis oody form ^v*ith respect to habits and relationships. 
(Anatomist, morphologist, histologist, cytologist, embryologist.) 

Physiology. The study of the functions of tissues, organs, and 
cells. It involv('s adjustments of organisms for respiration, excre- 
tion, and environmental resjKmse. It also includes color forma- 
tion, color changes, hibernation, maintenance of temperatures, 
etc . ( 1 Physiologist. ) 

Ecology. The study of all of the relationships between an 
organism and its environment. It is really physiology applied to 
the organism as a whole. It includes habitat selectivity , behavior, 
structural modification in response to eiiviroiimenta demand, 
protective coloration, etc. (E(*ologist.) 

Zoogeography. The geographical distribution of animals. This 
ij^ also included in (ecology. It d(*als with the distribution of animals 
ov('r th(' fa(*e of the earth and involves the dissemination of species. 
(Zo()g('ograi)her.) 

Taxonomy. The classification of plants and animals for con- 
veniencM' of study and the application of the princi])les related 
to diffenaitiation and kinship. It is the systematic arrangement 
of organisms into groups on the bases of relationships and in^'olves 
evolutionary development. (Taxonomist >r systc'matist.) 

Genetics. Deals with heredity, variation, and related phenom- 
ena. The naturalist is deeply interested in the mutations that 
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occur in animals and their relations to species formation. (Ge- 
neticist.) 

Palaeontology. The study of the fossil remains of organisms. It 
d(ials f)rimarily with organisms of the past and it supplies the 
clues to the courses of evolution. (Palaeontologist.) 

Evolution. This is the study of the gradual changes that have 
taken place in organisms throughout the ages. It is the interpn*- 
tation of palaeontological, physiological, genetic, and embryo- 
logical studi(\s. 

It has been suggested that there are very many kinds of or- 
ganisms and tnat the biological prin(‘iples involved in tlieir sur- 
vival are so numerous that no one i)erson could ac(|uin' a c()m])r(^- 
hensive knowledge of all groui)s of living things. For this n'ason, 
specialization has developed. When a zoologist or a botanist is 
ready to spc'cializc', he sc'lects the group in which he is most inter- 
ested and then he devotes his energies toward the acquisition of 
all the information he can obtain about his chosen field. In groups 
which are unusually large (such as tlu' iiis('(*ts) tlui spc'cialist 
chooses an order, family, or even a subfamily for his lifers work. 
Thus an entomologist may l)c proficient only in the knowledge of 
a single group of insects such as Ix'es, ants, flicks, bugs, or b(‘(‘tles. 

The special studies hav(‘ names which charact(Tiz(i them, and 
the students in each field are known by the nann's of th(‘ir sp(‘cial 
fields of study. For example, Ornithology is tlu^ study of birds, 
and a stuch'iit of birds is known as an ornithologist. Lik(‘wise Ili(‘ 
following names indicate ('ach spc'cial scicaice d('alt with: Ifrrpc- 
tology (rc'ptiles and anqdiilnans); Entomology (ins('cts) ; Helmin- 
thology (worms); Mammalogy (mammals); Ichthyology (fish(\s); 
Conchology (shelled mollusks); Protozoology (microorganisms). 

The naturalist must be a combination of all th(\se, sinc(^ lui must 
not only know organisms but must also be able to inter|)ret th(*ni 
in terms of their (aiviroiiriKait. 

The Classification of Organisms 

The classification of organisms in a general discussion is jiri- 
marily for convenience. Tliere are many kinds of living things, 
distributed over the entire face of the earth. By arranging into 
groups those organisms having one or more outstanding char- 
acters in common, the ready idcaitification of jilants and animals 
is made possible, no matter where they are found. R(‘lationships 
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arc ordinarily det(Tinin(‘d by comparing thcr features of one or- 
ganism with those of others. By comparing relative structures 
or parts from the standpoint of position, anatomy, and use, homol- 
ogies are determined; and through homologies, the relationships 
between and among organisms can be ascertained. 

The viirtebrate animals, for instance, all possess a supporting 
internal skeleton which is attached to a spinal column or back- 
bone. All animals possessing this column in ('ither a primitive or 
specialized state are placed in the vertebrate group or phylum 
(Chordata) which includes cyclostonK^s, fish(*s, am])hil)ians. rep- 
tile's, birds, and mammals. Closer relationships are determined 
by com])aring structures which are in relative positions among 
animals within a groui). 

A comparison of the wing of a bird, the^ arm of a man, and the 
front leg of a dog shows that thesci structures are very similar, 
part for ])art. In other words, since they all occupy the same rela- 
tive position ‘uul appan'iitly have a similar origin, they an' lu)mol- 
ogous. HowcN^er, a comparison of the wing of a bird and the wing 
of an ins('ct shows that tlu'se^ two organs, while i)erforming the 
same function, are in no way similar. They are therefore anal- 
ogous structures, betwec'ii which there is no relationship w hatever. 
On thf‘ other hand, if the stiff, thickened, opa(|ue front Aving of a 
grasshoj)per is compared with the scaly front wing of a butterfly 
or with th(' ch'ar, transpan'iit wing of a be(', tlu' organs are seen 
to hav(' a similar origin; and tluy occupy tlu' saint' relative posi- 
tions. Tht'y are, thert'fort', homologous; and a rtiationship be- 
tw't't'U these inst'cts is indicatt'd, even though the relationship may 
not a])]K'ar to be as dost' as betw t'eii a fly and a bee. The fact that 
all insects have six legs and thrt'e main body regions makes it 
possible to n'cognize insects the Avoiid over, even though tlu're 
are vast difft'renct's in size, t'olor, and shape among them. Again, 
the legs and other structurt's on insects may be greatly modified 
for various purpost's; but they are immediately recognized as 
homologous structures wdu'ii insects of all kinds are compared. 
Th(' l(*gs, for inst anc(', may Ix' long or short or they may be adapted 
to running, jumping, digging, swimming, or seizing; but they are 
unmistakably identified as h'gs. However, a comparison of the 
insect leg and the leg of another animal Siich as a bird will reveal 
no similarities of structun'. 

Let us consid(*r tlu' subject a little further. It is obvious that 
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all birds are vertebrates, but they differ so much from other verte- 
brates by their structural makeup that they are placed together 
in a smaller unit of classification called a class. While the rela- 
tionships among birds are obvious, there are, nevertheless, astound- 
ing differences among them. This is shown by comparing running 
birds such as the kiwi and ostrich; diving birds such as the loon, 
penguin, or grebe; and terrestrial, flying birds such as the robin. 
From th(? foregoing it is evident that the larger units of classifica- 
tion, the phylum and class, contain a heterogeneous assortment 
of individuals The presence of a vertebral column in so many 
animals suggCists the necessity of separating these animals into 
classes. The variety of structural features mentioned above also 
shows the need for smaller taxonomic units called orders. In the 
orders, the smaller groups of individuals possessing a set of similar 
characters are included. The birds are grouped together into 
orders, in which certain structural features of th(i wing, foot, bill, 
and other skeletal charactc^rs are common to limited groups of 
birds within the class. For example, most of the woodpeckers 
have two toes in front and two behind; and the tips of their tail 
feathers are pointed and stiffened. These characters (and others) 
distinguish the woodpeckers from the other birds. Hence tlu^y are 
placed in an order of their own. Similarly the foot characters of 
the perching birds are sufficiently outstanding to place a great 
many birds such as larks, finches, thrushes, etc., in the same order. 

Within the order there are still smaller and more closely relatt'd 
groups called families in which are inclinU^d birds quite similar 
in makeup. In these the characteristics make the members of 
families stand out from the rest of the birds in that order. The 
thrush family (in its broadest sense), for example, includes the 
robin, bluebird, and thrush, all of which are quite similar in many 
respects. The young of bluebirds and robins even have the mottled 
breasts characteristic of adult thrushes. The taxonomist recog- 
nizes characters which distinguish some members of a family 
from others, and these are placed in still more limited groups 
known as genera (singular genus)] within the genera are the very 
closely related species. The species is the mark of individualism 
in organisms, and it is not always easy to establish this. The 
scientific name of an organism is a combination of the genus and 
species. The generic name is written with a capital, and the 
species with a small letter. 
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There are more than three-quarters of a million different ani- 
mals known to sciences By arranging them into groups, all can 
be organized into smaller units for study ; and by using a classifi- 
cation scheme the numerous kinds can be systematically differ- 
entiated and the relationships among them ascertaincKl. In the 
organization of groups on the bases of relationships, the fa(its of 
palaeontology (fossil remains), embryology (developmental proc- 
esses), physiology (blood tests and metabolic process(\s), anatomy 
(structural makeup), and ecology (distribution and environ- 
mental response) are utilized. 

Scientific names; their derivation and importance. In order to 
make the systematic arrangement of animals univ^ersal in its 
interpretation, the names of the phylum, class, order, family, 
genus, and species are usually taken from Greek and Latin. As 
a rule, the name indicates or suggests an outstanding character 
of the group or individual. Thus the phylum name Arthropoda 
(Gr. arthron — “joint,” pous — “foot”) means jointed feet; and 
it suggests the nature of the legs of si)id(Ts, crustaceans, and 
insects which are constructed of movable segments. The class 
naim? Insocta means “cut in” (Latin insectum) and refers to the 
distinct body regions (head, thorax, and abdomen) of an insect. 
The order name Orthoptera (Gr. orthos —“straight,” ptvron — 
‘Sving”) means ^'straight winged”; and it applies to the manner 
in which grasshoppers, crickets, roaches, and katydids fold their 
wings when at rest. This is the character which places these in- 
sects in the same order. The family names end in *‘dae,” and 
subfamily names end in “nae.” 

Scientific names arc frequently terrifying to the stuc'''nt, even 
to some of those who have studied Greek and Latin; but their 
derivations are interesting; and they are no more foreign in their 
makeup than such w^ords as automobile, lavallifere, ukelele, or 
psychology. They constitute the language of biology. HowTver, 
they should be looked upon as a means to an end; and it is not 
necessary to attempt to learn them all at once. There are two 
w^ays in which the student can painlessly acquire the language of 
science. If he will look up the derivations of the various group 
and individual names w’hich he encounters and, in so far as pos- 
sible, compare their meanings with the o ganisms themselves, he 
will have a comprehensive understanding of them; and they are 
not likely to be forgotten. Then, too, continued studies in deter- 



16 


THE LIVING WORLD 


mining idcmtities of organisms will impress them upon the memory, 
especially if their meanings are learned and understood. 

As suggested in the discussion of plant names, the name does 
not always indicate the characters of the individual or the group. 
Sometimes specific and generic names are derived from persons 
honored by having organisms named after them. Occasionally 
animals are named after mythological characters because of having 
similar habits. Some of these are: Arachne (spiders); Daphne (a 
crustacean); Hercules and Minos (beetles). As in plants, the name 
sometimes suggests locality, such as canadensis, africanus, cali- 
fornicus, virgiiiiensis, carolinensis, mexicanus, and pennsylvanicus. 
Quite frecpiently the name of a species indicates color, such as 
ruhrum (red); nigcr (black); alba {\w\\\ii')]cinnamoneus (cinnamon); 
or auratus (gold('n); and occasionally it suggests resemblance, as 
elephas (elephant); scrpcntes (serpent); medusa (many snakes); 
asierias (star); lupus (wolf); and echinus (hedgehog). 

While it is unnc'cessary to attemi)t to learn the scientific names 
of a host of animals, it must not be assumed that these names 
are of no importance. A study of th(5 meaning of a small num- 
ber of names will indicate just how valuable this information 
really is. 

A classified arrangement of native animals. A classification of 
the animal world, abbreviated to meet the reciuirements of this 
text, is given here to assist the student in understanding just how 
animals are classified and also for the purpose of enabling him to 
properly pla(;e the animals he observes in the field. Except for 
the local bird fauna, the more common moths, beetles, butter- 
flies, and other insect groujjs, and tlie local reptiles and mammals, 
the classification of field material beyond families should not be 
attempted in general elementary courses. 

The classification listed here includes only those animals which 
the student is likcjly to encounter in the field. It is hoi)ed that 
the list >vill not only indicate what animals can be (expected in tlie 
various situations l)ut will also aid in i)roperly placing eac?h animal 
found within its proper phylum and class. With the orders and 
families included, one of the most discouraging and most difficult 
processes of identification will be eliminated; and the student 
can then go to special works with confidence that he can deter- 
mine the specific identity of the specimem at hand. should at 
least know where to look for the family characters which are most 
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important. Spocific? identification of a great number of animals 
is too technical for a study of this kind. That is work for a 
sj)ecialist. Only those animals which are extreme Jy common need 
to be id(uitifi(Kl by species. These are the ones usually pictured 
or described in so many books that determination is not diffi(;ult. 
After all, with the excerption of birds, mammals, and peissibly a 
few insects, the si)ecific identifications, while interesting and worth 
while, arc of no vital value. The interested naturalist will want 
to learn to know as many species as possible, however. It is sj)len- 
did to know a jumping mouse when one is seen, for instance; but 
the particular species of jumping mouse is of valiK! only to the 
taxonomist who is interested in geograi)hical distribution and 
other matters of evolutionary value. Likewise the student of field 
biology ncreds only to identify a certain type of land mollusk as a 
snail belonging to a special family without regard to spcrcic's or 
subspecies. To attempt the specific identifi(‘ation of all animals 
in a region would require so much timer and so many detailed 
studies tnat it would be impossible to develop an acquaintance 
with nature as a whole. 

Persiste^nt field studies will soon suggc'st what kinds of animals 
are to be found in certain i)lac(\s and will also indicate what par- 
ticular kinds of groups inhabit a specialized, local situation. Addi- 
tional details of classification are included in the discussion of 
the various animal groups. This list is for reference in field and 
laboratory studies. It iiududes only the commonest of rei)resenta- 
tiver animals. In some cases wc'll-known groups are mentioned, 
while in others only individuals are includ' d. 

IdlYLUM I. PROTOZOA. The onc-ccllcd animals which are mostly 

microscopic, siich as ameba, parameciiim, 
and cuglcna. Tlicve are not included in 
the text. 

PHYLUM II. l^ORIFERA. The sponges. Found chiefly in the ocean. 

Only one class is represented in fresh 
water. 

Class I. Demospoxgiae. 

ORDER 1. MONAXIDA. 

Family 1. Sponyillidac — ^fresh-water Si^onges. Found in slow 
streams, springs, and fresh ponds. Mi- 
nute. 



18 


THE LIVING WORLD 


PHYLUM III. COELENTERATA. Jellyfishes, corals, hydra. 

Class I. Hydrozoa {hijdra — “a serpent,*' zoim — “animar*). 

ORDER 1. TUBULARIAE. 

Family 1. Clavidae — hydra. Usually attached to objects in ponds. 

Less than one inch. Slender, upright, tubular 
body with a whorl of eight tentacles around 
the top, as a rule. 

PHYLUM IV. PLATYHELMINTHES “ flat ” ; hdminthos— 

“an intestinal worm*’). The 
flatworms. 

Class I. T i rbellaria (turbo — “ I disturb * ’) . 

ORDER 1. TKICIiADIDA. 

Family 1. Plariariidae — fresh-water flatworms (Planaria, Dendvo- 
coehtyHy Phngocata), Largest species 
slightly more than one inch. Attached 
to stones in cool running water. 


PHYLUM V. NEMATHELMINTHES (nemn—^^n thread”; helmin- 

thos — “ an intestinal worm ”) . 


Class I. Gordiacea. 

Family 1. Gordiidae. The hair worms or horsehair worms. Long, 
thread-like worms which almost tie them- 
selves into knots when disturbed. Most 
round worms arc parasitic, although many 
live in fresh water and in the soil. They arc 
very dillicult to classify, and for that reason 
only the above is included. Fre(|uently 
found in springs, ])onds, and watering 
troughs. 


PHYLUM VI. ANNELIDA (unnelhis — “a little ring”). The seg- 
mented worms. 

Class I. Archiankllida. Primitive marine worms lacking setae and 

j)arapodia. 

Class II. Chaetopoda (bristle feet). 

ORDER 1. oligochaeta — earth womis, tubifcx. 

Family 1. Tiibificidae — tubifcx — case-)->uilding worms on bottoms 
of iK)nds and streams. Small. 

Family 2. Lumhricidae — earthworms (fishing worms or night 
crawlers). 

order 2. j*olyc;haeta (many bristles). 

Family 1. Nereidae — nereis, the sandworm. In sand on the beach 
in the intertidal zone. Head well developed. 
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Class III. Hirudinea — the leeches — found in bottom trash or at- 
tached to objects and animals. 

ORDER 1. RHYNCOBDELLIDA. 

Family 1. Ichthyohdellidae — in fresh and salt water. 

Family 2. Glossiphoniidae — ^fresh-water leeches. 

ORDER 2. GNATHOBDELLiDAE — frcsh-water and terrestrial leeches. 
Family 1. Hirudinidae — medicinal and other species. Three- 
toothed jaws (Fig. 25). 

Family 2. Herpobdellidae — cylindrical — colored.- Three muscular 

ridges in place of jaws. 

PHYLUM VII. BRYOZOA (Polyzoa). Moss animals. Colonial. Jelly- 

like masses of animals attached 
to submerged and other objects 
in i)onds and slow streams. 

Class I. Ectoi'rocta. 

ORDER 1. PlIYLACTOLAEMATA. 

Family 1. Plinnntellidne. Plumatella, the commonest fresh-water 
forms (Fig. 40). 

Faiimy z. V > htatellidae, CrisiatelUi PccHnatella, Fairly com- 
mon (Fig. 40). 

Family 3. Paludicellidae, Pahidicella, 

PHYLUM VIIL ROTIFERA. Wheel animalcules. Mostly small, al- 
most microscopic, aquatic animals with 
a disc bordered with cilia on the head. 

PHYLUM IX. MOLLUSCA Shelled mollusks includ- 

ing snails, slugs, mussels. 

Class I. Amphineui{a. ^Marine mollusks. Chiton — oval, with eight 

transverse i)latcL. On beaches y* netimes. 
Class II. Gastropoda. Snails, slugs (see Plates IV and \ 

ORDER 1. PULAK^NATA. 

Family 1. Lymnaeidac, Common water snails. Li jwnds and 
streams. 

Family 2. Physidae. Common water snails. In ponds and 
streams. 

Family 3. PUinorbidae. Common water snails. Flatteried, coiled 
shells, in j)onds and lakes. 

Family 4. Ancylidae. Water snails without coiled shell. Limpets. 

In brooks, creeks, rivers, on stones. 
Family 5. Pupillidac, Very small land snails. Found among 
leaves on grouiK 

Family G. Gochlicopidae. Small snails among dead leaves on 

ground. Northern. 
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Family 7. Valloniidac. Minute land snails found in dark, damp 
places. Northern. 

Family 8. Succineidae. Small snails on land and in water. Dis- 
tribution general. 

Family 9. Helicidae. Medium-sized land snails. Distribution 
general. On ground, logs, trees, stones. 
Shell often marked. Only one species in 
northeastern United States. Operculum 
])resent. 

Family 10. Endodontidae. Fairly large land snails. Widely dis- 
tributed. 

Family i .. Zonilidnc. A large family of large or small land snails 
found under logs and among leaves. 

Family 12. Strohilopsidae. Land snails. 

Family 13. Ilaplotrcinatidae. Shell higher than wide, covering en- 
tire body. One native si)ccie.s. 

Family 14. Pleuroceridac. Oj^erculate snails with much elongated 

shells. The common form in groat 
lakes. 

Family 15. Temlaadlidae, An imported, carnivorous snail with 

rudimentary, ear-shaped shell on ])os- 
terior end of body. Found in green- 
houses and on imj^orted shruhberj'. 
Mostly in the ground. Slug-like;. 

Family 1 (). Limncidae, Slugs without shells covering body. Mantle 
with rudimentary shell covering anterior 
part of body. Logs, under stones, on trees, 
and in gardens. 

Family 17. Philnnnjcidnc. Slugs without rudimentary shell. IMan- 

tlo covering entire body. Trees, shrubs, 
and on ground. Grayish. 

Class III. J’fn.LCYPODA (hatchet foot) (Lamellibranchiata). Jlivalvc 

mollusks with hatchet-shaped 
foot for locfanotion (see I'ig. 47 
and Plate VI). 

ORDEK 1 . EULAMELLIBRANCIIIATA. 

Family 1. Unionidae, Bivalvular fresh-water mussels or clams. 

Found in lakes, rivers, and creeks. 

Family 2. Ma^garitiidae. Fresh-water mussels. Shell large, elon- 
gated. Rivers. 

Family 3. Cyrenidne. Very small mussels, 
color. In ponds. 
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Family 4. Sphaeriidae. Finger-nail clams in ponds and lakes. 

These are most common in northern 
waters. 

Class IV. Scaphopoda (boot foot). Marine worm. Tooth shells. 

These are elongated, thin-bodied 
mollusks that live in tooth-shaped 
• cells. 

Family 1. DenUdiidae, The tooth shells occasionally found on the 
beach. 

Class V. Cephalopoda (head foot). Squids, octopi. Body some- 
what cylindrical, bilaterally 
symmetrical. Distinct head 
with large eyes, a mouth, and 
a whorl of tentacles around the 
mouth. A rudimentary shell 
is present in a few forms. 

Family 1. Nautilidae. The chambered nautilus. On Pacific coast 
only. A well-built, chambered shell. 

Family 2. Sepiithtc. The cuttle fish. Not in America. 

Family 3. Sepiolidae, S(iui(l-liko animals with short l)odics and 
prominent heads. 

Family 4. Ijdiqinidtw. Our native squid, Loligo (Plate III, Fig. 8). 
Family o. Argonautidae. The Argonaut. An octopus-like animal 
that lives in a thin, sjaral shell without 
the septa that characten’ize the nautilus. 
Family 0. Octopodidac. The octopus or devil fish. Atlantic coast 
si)ecies with body four inches long. Arms 
or tentacles five inches (Plate III, Fig. 0). 

PHYLUM X. AHTIIBOPODA (r/rf//r(n/—“ joint”; ‘‘foot ”). 

Jointed-legged animals such as crus- 
taceans, spiders, myriapods, and in- 
sects. The largest animal group in 
the world. 

(?LASS I. (^Rrs'j'AOEA. Crayfish, sowbug, Ixmder, dajfimia, lobster, 
shrimp, barnacles, and crabs. 

OUDEU 1. osTRAcoDA (oar fect). Small fresh-water crustaceans with 

exoskeleton in two halves like bi- 
valve. Roundish. Size of i)inhead. 
Common in ponds. 

Family 1. Cupridav. Cypris (Fig. 2(1) . 

()rdp:k 2. coPEFODA. Body elongated, tai)ering behind. Abdomen 
semnented, composed of 15 segments. Minute. 
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Family 1. Centropagidae. Diaptomus. Fresh-water and salt-water 

copepods. 

Family 2. Cyclopidae, Cyclops. Fresh water. Abundant every- 
where in ponds and lakes. Frequently in 
aquaria (Fig. 26). 

ORDER 3. CLADOCERA. Water fleas. Body short and compact. No 
visible segmentation and enclosed in a bi- 
valve carapace. Four to six pairs of thoracic 
appendages. Second pair of antennae very 
large. Numerous families. Common (Fig. 26). 
Family 1. Daphnidae, Daphnia. Often sold in fish supply stores 
for feeding small aquarium fishes. Common 
everywhere in ponds and lakes. 

Family 2. Leptodoridae. Leptodora. The largest cladoceran. In 
great lakes and other fresh water. Comes 
to surface only at night. 

ORDER 4. PHYLLOPODA (leaf feet). The fresh-water shrimps. The 

thoracic appendages are leaf-like 
gills. Swim on back. 

Family 1. Branchipodidae. The fairy shrimp. Common in fresh 

water among water plants. 

Family 2. Limnadiidae. Body thick, enclosed in oval, laterally 
compressed carapace. Second antennae 
with 16 segments. Along shore among 
plants in fresh water. Widely distributed. 
ORDER 5. AMPHiPODA (doublc feet). Benders or scuds. Body elon- 
gated, laterally compressed. 
First two pairs of thoracic ap- 
pendages large and jaw-like for 
taking food. Swim by bending 
body. 

Family 1. Orchestiidae, Hyalella. Common in ponds. Fresh water. 
Family 2. Gammaridae, Gammarus. Common in ponds and 
streams (Fig. 26). 

ORDER 6. isopoDA (equal feet). The sowbugs, or pill bugs. Body flat- 
tened dorso-ventrally. Oval in land 
forms; elongate in water forms. Gills 
on abdominal segments. Appendages 
similar except first pair and last pair. 
Family 1. Asellidae. Water sowbugs. Found under stones in 
.streams and among bottom trash in ponds 
and streams. 
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Family 2. Onucidae, Land sowbugs or pill bugs. Found exten- 
sively in trash, old lumber, and logs. All 
over America. 

Family 3. Armndillidae. Land sowbugs found in woods under 
stones and logs. Everywhere. 

Family 4. Tricfioniscidiae. Small land sowbugs found under moss 

in woods. 

ORDER 7. DECAroDA. The ten-footed crustaceans such as shrimps, 
crayfishes, crabs, and lobsters. Five pairs of 
thoracic appendages. First pair chelate, as a 
rule. Eyes stalked. Two pairs of antennae, 
only one of which is long. 

Family 1. Palaemonidae, Fresh-water prawns and shrimps. Found 

in lakes and large ponds among plants. 
Many species also marine. 

Family 2. A stacidae. The crayfishes or crawfishes. Streams, ponds, 
and springs. Some of them dig wells on 
land in low regions. 

Family 3. Maiidae. Hairy crabs or spider crabs. Found on shores 
and mud fiats along Atlantic coast. Usually 
covered with algae. 

Family 4. Cancridae, Rock crabs found on New England coast 
and southward to New Jersey. Edible. 

Family 5. Pilmunidae. Mud crabs. Found on mud flats along 
Atlantic coast. 

Family 6. Portunidae. Edible crabs of commerce in the East. 

Family 7. Ocypodidae, Land crabs living in burroTvs above high- 
tide limit. The fiddler crab with one 
cheliped longer than the other. 

Family 8. Paguridae, Hermit crabs. Occasionally found in bur- 
rows but more frequently in deserted shells 
of gastropod mollusks on the beach 
(Plate II, Fig. 8). 

Class II. Arachnida. The spiders, daddy-long-legs, horseshoe crabs, 

mites, ticks, and scorpions. 

ORDER 1. xiPHOsuuA. King crab or horseshoe crab. 

Family 1. LimiUiidae. Limulus, the common horseshoe crab found 
on the Atlantic coast beaches (Plate II, 
Fig. 11). 

ORDER 2. Scorpionida. The scorpions. Front feet chelate. Poison 
sting on the tail. Mostly southern and 
southwestern. 
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Family 1. Vejovidae. Southern and southwestern scorpions. Found 
on ground, under stones and logs. 

Family 2. Scorpionidae. Scorpions. Texas to California. 

P'amily 3. Centruridae. Texas to California. Found under logs, 
stones, etc. 

ORDER 3. PHALANGiDA. The harvestmen or daddy-long-legs. 

Family 1. Phalangiidae. Daddy-long-legs or harvestmen found on 
plants and trunks of trees (Fig. 54). 

Family 2. Nemastomatidae, Found on plants, tree trunks. 

ORDER 4. APANEiDA (araneae). The true spiders (see Plates VII and 

VIII). 

Family 1. Aviculariidae. The tarantulas. Large or medium-sized, 

hairy, somewhat poisonous. Southern, 
western, and tropical. Occasionally im- 
ported on bananas. 

Family 2. Atypidae. Tarantulas. Rare. 

Family 3. Hypochilidae. Southern spiders possessing a cribellum 

and living in umbrella-shaped webs con- 
structed in dark, rocky cliffs. 

Family 4. Uloboridae. Orb-weaving spiders with cribellum and 
calamistrum. They differ from true orb 
weavers in using a hackled band instead 
of ordinary viscid thread. Found on low 
bushes or near the ground and occasionally 
in buildings. Shady places. 

Family 5. Deinopidae. Cribellate spiders called ogre-faced spi- 
ders. One pair of the eyes is very large. 
Rare. 

Family 6 . Dictynidae. Most cribellate spiders belong to this fam- 
ily. Webs placed on window sashes, 
plants, and rocks. 

Family 7. Oecobiidae, Mostly subtropical and tropical cribellate 
spiders. Rare. 

Family 8. Filistatidae, Mostly tropical and siU)tropical. The 
house spider of the South. Fretjuently 
on the outside margins of window frames. 
Web with prominent entrance. 

Family 9. Dyseridae. Six-eyed spiders with four conspicuous spi- 
racles near base of abdomen. Plain thread 
web built as tubular retreat. Acribellate. 

Family 10. Oonopidac. Six-eyed spiders with four spiracles. Web 
plain thread. Very small and rare spiders. 
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Family 11. Scytodidae. Six-eyed spiders with three spiracles. Acri- 
bellate. Simple webs under stones and logs. 

Family 12. Drassidae. Eight-eyed, acribellate spiders. Eyes in 
two rows. A large family of diverse habits 
and wide distribution. 

Family 13. Pholcidae. Medium sized with very long legs. Net 
webs irregular and constructed in dark 
places. Common species has elongated 
abdomen. Often found in cellars. 

Family 14. Theridiidae. Net-weaving spiders. Comb footed. 

Most common of house spiders. Build 
webs in corners of room near the ceiling. 
A large family including many which 
cover goldenrods with their webs. Body 
small. I^egs long. Eight-eyed. Body 
form variable. 

Family 15. Liiiyphiidae. Eight-eyed, small, sheet-weaving spiders. 

Webs among grasses close to ground. 
Frecpiently prominently marked. Fam- 
ily large. 

Family 10. Argiopidne. The true orb weavers. Eight-eyed acri- 
bellate spiders. The most spectacular web 
builders. Webs across open spaces. 

Family 17. Minwtidae. Not many species. Usually found on 
cliffs. Eight-eyed. Acribellate. 

Family 18. TJiomiisidae, Crab spiders or side runners. Legs ex- 
tended from sides. Body short and stout. 
The 3 ’’ do not si)in webs. Some are pred- 
ator 3 ^ Others are j^rotectively and bril- 
liantly colored and lie in wait within 
flowers. 

Faniily 19. Ctenidae, A few southern representatives. They wan- 
der about over plants in search of food. 
IC^’es arc in three or four transverse rows. 
They build no wel.)S. 

Family 20. Clubionuhe. A large famih’’ which live in flat, tubular 

webs or in rolled leaves. Some live on 
the ground under stones. Eight eyes in 
two rows. 

Family 21. Agvlcnidac, Three-clawed, eight-eyed spiders with 
sedentary habits. Hind spinnerets long. 
Webs are funnel-shaped. The common 
grass spiders. 
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Family 22. Pisauridae. The nursery web spiders. These are large 
hunting spiders which forage on the 
ground. Webs are made only for rearing 
the young. Resemble the wolf spiders, 
but the females carry the egg sac beneath 
the body. 

Family 23. Lycosidae. The large, predatory wolf spiders which 
hide in crevices and under stones. Some 
of them burrow and construct a chimney 
or turret around the entrance of the nest. 
Egg sac carried on tip of abdomen. Grayish. 

Family 24. Attidae. The jumping spiders. Medium or small size 
with short body and stout legs. Tarsi with 
two claws. Many of them bright colored. 
Eyes large and conspicuous. Found on sides 
of weather-beaten buildings and in other ex- 
posed spots. No web is constructed. 

ORDER 5. MITES AND TICKS. Ccphalothorax and abdomen fused into 

a single segment. 

Family 1. Eriophydidae. The gall-forming mites. 

Family 2. Demodiddae. The facial mites. In hair follicles on 
animals and humans. 

Family 3. Sarcoptidae. The itch mites or harvest mites. 

Family 4. Analgesidae. The bird mites. 

Family 5. Tyrogliphidae. House mites. Transported by insects. 

Family 6. Orihatidae, The beetle mites. Not parasitic. Found in 
moss, dead leaves, and on bark. Resemble 
minute beetles. 

Family 7. Gamasidae, Scavenger mites. Some species parasitic 
on beetles, birds, poultry, and on mam- 
mals. 

Family 8. Ixodidae, Large ticks parasitic on vertebrates. The 
dangerous Texas cattle tick and Rooky 
Mountain spotted fever tick are included. 

Family 9. Hydrachnxdae, Water mites. Parasitic on water insects. 

Family 10. Bdellidae. Snout mites found in moss and dead wood. 

Predaceous mites confined to the Atlantic 
seaboard. 

Family 11. f^omJbiidae, Harvest mites. Parasitic on man. 

Family 12. Rhyncolophidae, Predatory mites found on ground 

plants. 

Family 13. Argasidae. Small ticks parasitic on many animals in- 
cluding chickens and mammals. 
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Family 14. Tetranychidae. Red spiders or red bugs. Serious pests 

to young evergreens, garden plants, and 
flowers. Very small. 

ORDER 6. TARDiORADA. Water bears. Minute, almost microscopic 
water animals found in trash along the shores 
of ponds and streams and in marshes. 

Class .111. Myriapoda. The thousand-legged worms and centipedes. 

Sometimes split into two classes listed here 
as orders. 

ORDER 1. (subclass) CHiLOPODA. The centii)edes. With one pair of 

legs on a segment. Legs attached 
near ventro-lateral margin. Widely 
separated. 15 to 173 leg-bearing 
segments. Antennae long. First 
pair of legs modified into jaws 
with poison glands (Fig. 52). 

Family 1. Geophilidae. Body very long and slender. Antennae 
composed of 14 segments. 31-173 seg- 
ments. Blind. 

Family 2. Scolopendridae. 21-23 segments. Antennae 17-31 seg- 
ments. Mostly southern. 

Family 3. Lithobiidae. 15 leg-bearing segments, 9 large, 6 small. 
Aggregate eyes. 

Family 4. SciUigeridae. The common skein centipede often found 
in homes. Body short and composed of 
15 segments. Last pair of legs longer 
than body. Antennae very long. Legs 
very long. 

ORDER 2. DiPLOPODA. Thousand-lcggcd worms or millipedes. Two 
pairs of legs on each segment, attached near 
ventral median line. Antennae short. Legs 
on 7th segment of male, usually copulatory 
except in Polyxenidae (Fig. 51). 

Family 1. Polyzoniidae. Body elongate, somewhat flattened. An- 
tennae short. 30-100 segments. 

Family 2. Julidne. Body subcylindrical; hard. 30-70 segments. 
Family 3. Craspedosomidae. Like Jvlidae but without scent glands. 

Terminal segment elongated with two 
slender pupillae. 

Family 4. Polydesmidae. Flattened species. 19-20 segments. Each 

segment prolonged on sides to form a 
wing or flange. 
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Family 5. Lysiopetalidae, Similar to Jvlidae. 60 segments. 

Ijength 3.5 cm.; width 2 mm. 

Family 6. Polyxenidae, Body minute, short, soft. Each segment 
with tuft of hairs. 11 segments. 

Class IV. Insecta. The insects with 6 legs and 3 body divisions. 

1 pair compound eyes. 1 pair antennae. Ocelli 
usually present. Wings present in most forms. 

ORDEii 1. Thysanura. Primitive, winglcss insccts. Eyes aggregate. 

No metamorphosis. Long antennae; chew- 
ing mouth parts. Running insects (Fig. 77). 

Family 1. Lepismaiidae. Fish moths. Found in homes and under 
stones and logs. Two or three bristle- 
like, many-jointed, antennae-like ap- 
pendages on end of abdomen. 

Family 2. Mnckilidae, Thysanurans with primitive styli on ab- 
dominal segments. Not found in houses. 
In moss, under logs, and stones. 

ORDER 2. coLLEMBOLA. The Spring tails and snow fleas. Primitive, 
wingless insects with chewing mouth i)arts. 
Antennae with few segments. Six abdom- 
inal segments, the first with ventral ad- 
hesive tube. Springing organ on fourth 
abdominal segment. No metamorphosis. 
P\mnd in soil, among leaves on ground, 
under stones and logs, 

ORDER 3. ORTHOPXERA. Crickets, katydids, walking-stick, mantis, 
roaches. Four wings, front pair narrow, 
thickened. Hind wings membranous, broad, 
folded like a fan when at rest. Chewing 
mouth parts. Metamorphosis gradual. 
Genitalia present on tip of al)domen. 

Family 1. Locustidae or Acridid(ie, The grasshoppers or true lo- 
custs. Tympanum on the rides 
under the wings. Head and 
eyes prominent. Antennae not 
nearly so long as body. Di- 
urnal habits. Hind wings 
sometimes brightly colored. 
Hind legs large and adapted 
for jumping (Plate IX). 

Family 2. Tettigoniidae. The katydids, long-horned grasshoppers, 
meadow grasshoppers. T5"mpana or ears 
on front legs. Antennae as long or longer 
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than body. Ovipositor on females sword- 
shaped. Body often green and less robust 
than in locusts. Many nocturnal. Hind 
legs enlarged and elongated (Plate IX). 

Family 3. Gryllidae. The crickets. Tree crickets, mole crickets. 

Shorter than other Orthoptera. Dark col- 
ored. Antennae long. Ovipositor on cricket 
long and spear-shaped. No broad hind wings 
in crickets which are brown or black. Noc- 
turnal. Mole cricket with short wings, light 
brown color, and hand-like front tarsi for 
digfpng (Fig. 79). 

Family 4. Phasmidae. Walking-sti(ik. IkMly long, twig-like, wing- 
less. begs long, stiff for walking. Antennae 
long and slender. Feed upon foliage. 

Family 5. Mantidae. Body long, slender, twig-like. Wings pres- 
(‘ 11 1. Front leet enlarged, adapted to seizing. 
IVont legs held in position of supplication. 
Head wide, eyes prominent. Antennae long 
and slender. Prothorax and front coxae 
much (elongated (Fig. 83). 

Family 0. Bl<dtid<te. The roaches. J3ody wide, flat, dark colored 
(brown or black). Head narrow, eyes not 
])rominent. Legs long, slender, nearly eciual 
in length; adapted to running. Antennae 
long and slender. I-ggs carried in obtheca 
on end of abdomen in female. Thorax wide 
and prominent. Legs bristly (Fig. 80). 

ORDKK 4. DKUMAPTERA or EUPLEXOPTERA. Thc earwigs. lieetle- 

like insects with flat- 
tened bodies. Four 
wings, the outer or front 
wings horny, meeting in 
straight line on middle of 
back. Hind wings small, 
ear-shaped. Wings 
much shorter than ab- 
domen. Pinccr-like for- 
ce] )s present on end of 
abdomen. Mouth parts 
adapted to chewing, 
^letamorphosis gradual 
(Fig. 78). 
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Family 1. Forjiculidae. Mostly southern. Under stones and logs. 

In soil at bases of roots. 

ORDER 5. EPHEMERiDA or EPHEMEROPTERA. The May hies. Soft- 

bodied with four, net- 
veined, gauzy, trian- 
gular wings. Front 
wings much larger than 
hind ones.' Wings fold 
vertically above the 
back when at rest. 
Front legs long. Two 
or three many-jointed 
appendages on end of 
abdomen. Antennae 
very short. Mouth 
parts mandibulate but 
usually degenerate in 
adults. Larvae in 
water, with filamen- 
tous gills on sides of ab- 
domen. Metamorpho- 
sis gradual with many 
eedyses. Adults molt 
once after emerging 
from nymphal case. 

Family 1. Ephemeridae, Larvae in swift water. Flat-bodied with 
two or three long caudal cerci. Gills on 
sides of abdomen. Adults nocturnal, on 
vegetation during day (Fig. 42). 

ORDER 6. ODONATA. The dragon hies and damsel flies. Four large, 
slender, membranous wings with many veins 
and cells. Body tooth-shaped. Antennae very 
short bristles. Abdomen long” slender, with 
genitalia on end. Gradual metamorpliosis with 
numerous eedyses or molts. 

SUBORDER ZYGOPTERA (equal wings). The damsel flies. Much more 

slender and delicate than 
dragon flies as a rule. Four 
wings about the same size 
and shape. Eyes wide apart, 
globular, and opaque. Wings 
held at an angle of about 
forty-five degrees over the 
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back when at rest. Larvae 
have three, leaf -like gills on 
end of abdomen. Abdomen 
long and slender (Fig. 32). 

SUBORDER ANisoPTEUA (unequal wings). The dragon flies. Larger 

and more robust than 
damsel flies, as a rule. 
Eyes large, glassy, and 
close together, except in 
Gornphids. Hind wings 
larger and of different 
shape than front ones. 
Wings extended hori- 
zontally when at rest. 
Larvae in water with con- 
cealed, rectal gills. Ab- 
domen of larva broad in 
some species. Lower lip 
long and extensible; cov- 
ers face like a mask when 
not being used (Fig. 75). 

Family 1. Agrumidac, The larger damsel flies, Calopteryx and 
JleUwnnu, 

Family 2. Cocnngrioniflae. Most damsel flies belong here. 

Family 3. Lihellulidne, Most common dragon flies. Wings often 
with brown cross bars. Bodies some- 
times white aivl hoary. Nymphs rounded 
and flattened on underside. Flight not 
sustained in many species. 

Family 4. Acschnidne. The large dragon flics without prominent 
wing markings. Flight sustained — crui.s- 
ing. Nymphs, long, slender, stream- 
lined, greenish. 

ORDER 7. PLECOPTERA. The stoiie flies. Four wings which fold 

flat on the back, h'ront wings narrow, hind 
wings broad. Antennae long. Mouth parts 
mandiinilatc init often reduced. Lar^'ae in 
water with flattened bodi('s and two rather 
stiff appendages on abdomen. Tufted gills 
on thorax. Legs flattened. Metamorphosis 
gradual, the larvae crawling on stones and 
emerging from cases. Adults similar to 
nymph.s (Fig. 42). 
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Family 1. Perlidae. Nymphs. Often with yellowish and black 
markings. 

Family 2. Pteronarddae. Nymphs usually dark, uniformly col- 
ored. In cooler streams. 

ORDER 8. isopTERA. The tcrmitcs. Ant-like insects with broad 
abdomens. Lacking the slender peduncle which 
attaches abdomen to thorax in ants. Bodies 
soft. Live in great nests of their own construc- 
tion or within wood. Mouth parts mandibulate, 
and therefore adapted to chewing. Wings 
present on kings and queens during mating 
seasons. Several kinds of individuals in a 
colony. Metamorphosis gradual. 

Family 1. Termiiidae. Only common family in northern sections 

(Fig. 82). 

ORDER 9. psocoPTERA or coRRODENTiA. The book Hcc. Tiny, whit- 
ish, soft-bodied insects 
with well-developed head 
and chewing mouth parts. 
Four membranous wings 
usually present. Meta- 
morphosis gradual. 

Family 1. Psocidae. With wings and found in lichens, moss, and 
on tree trunks. 

Family 2. Atropidae, The book lice. Wingless. 

ORDER 10. MALLOPUAGA. The biting bird lice. Small, wdngless, flat- 
tened insects with broad heads and short 
antennae which are often hidden in grooves 
on the head. Eyes degenerate. Mouth ])arts 
adapted to chewing. Metamorphosis grad- 
ual. Found on birds and sometiTnes on 
mammals. , 

Family 1. Trichodectidne. All chewing lice found on cattle, and 

dogs. 

Family 2. Philopteridae. On birds. Includes the head louse on 
poultry. 

Family 3. Liotheidae. The large poultry louse. 

Family 4. Gyropidae. Found on guinea pigs. Single tarsal claw 
for clinging to hair. 

ORDER 11. THY^ANOPTERA or PHYSOPODA. The thrips. The small, 

elongated, slender-bodied 
insects with pointed ab- 
domens and swollen feet. 
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The mouth parts are mari- 
dibulate with suctorial 
modification. Prominent 
but not long antennae. 
Compound eyes and ocelli 
present. Four narrow 
fringed wings. Less than 
one-eighth of an inch in 
total length. Found in 
flowers. Destructive to 
fruit and onions. 

Family 1. Thripidne, The onion thrips, the pear thrips, and the 
greenhouse thrips. Very active, springing 
insects. 

Family 2. Phloethripidae. Often wingless. Larger and less agile 

than preceding family. Found in galls, 
flowers, and under the bark of trees. 

OUDER 12. HOMOPTEUA. The clear-wiiiged bugs such as aphids, scale 
insects, leaf hopp)ers, tree hoppers. Four 
membranous wings nearly the same size and 
sha|)e. In some species the fore wings are 
leathery and opaciue. Wings do not overlap. 
Mouth parts adapted to piercing and suck- 
ing. Metamorphosis gradual (hemimetabo- 
lous). Antennae short and composed of few 
segments. Mostly small in size, some minute. 

Family 1. Cicadidae. The cicadas. I-arge, singing, “seventeen- 
year locusts." Larvae are whitish grubs in 
ground. 

Family 2. Cercopidae. The froghoppers or spittle insects. Often 
found enclosed with saliva-like material 
(Fig. 87). 

Family 3. Memhracuhw. The tree hoppers. Often grotesque in 

appearance. Sometimes resemble thorns 
(Fig. 88). 

Family 4. Cicaddlidae or Jasndae, The leaf hoppers. Small, tri- 
angular bugs with broad heads. 
Usually green, although some 
species are brightly colored. 

Family 5. Fulgoridac. Diverse in form w^**h prolongated heads and 
with antennae inserted below' the eyes on 
the sides of the head. 
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Family 6. Chermidae or Psyllidae. The jumping plant lice. Broad 

plant lice with jumping hind 
legs. Nymphs broad and hat. 

Family 7. Aphididae, The plant lice or aphids. Small insects 
usually green, yellowish, or black, with 
winged males. A pair of wax-secreting tubes 
on the upper side of the fifth or sixth ab- 
dominal segment. Antennae long and highly 
specialized. Found on the stems and the 
undersides of leaves. 

Family 8. Coccidae. The scale insects, or mealy bugs. Very small, 
often wingless, eyeless, and sometimes legless 
insects that cover themselves with a waxen 
coat. The mealy bugs are whitish, cottony 
lice, usually found on the roots of plants. 
Numerous species of coccids are common and 
destructive. 

Family 9. Aleyrodidae, The white hies. Small, soft-bodied, four- 
winged, leaf-infesting insects with their 
bodies covered with a powdery material. 

ORDER 13. iiEMiPTERA. The true bugs. Four wings, the anterior 
ones thickened and opaque over the basal 
half: the distal half membranous, as a rule. 
Mouth parts consist of a piercing sucking 
• tube of variable length. Antennae with 
five or fewer segments. Metamorphosis 
gradual (hemimetabolous). The wings over- 
lap at their tips. Most bugs are odorous 
(Plate X). 

Family 1. Corixidae. The water boatmen. Aquatic bugs with 
flattened bodies, wide heads, and elongated 
hind legs which are oar-like. , Handle care- 
fully. From minute to three-eighths of an 
inch (Fig. 33). 

Family 2. Notonectidae. The backswimmers. Aquatic bugs with 

convex bodies and oar-shaped hind legs. 
Swim on their backs. Handle carefully. 
Minute to one-half inch, although usu- 
ally less (Fig. 33). 

Family 3. Bthstomatidae or Belostomidae, The giant water bugs 

or electric light bugs. 
Large, broad, formida- 
ble-looking bugs with 
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flattened bodies and 
legs. One to four 
inches (Fig. 33). 

Family 4. Hydrobatidae (Gerridae and Veludae). The water strid- 

ers or skippers. Superficially resemble 
slender-bodied spiders. Seen on surface 
of still or slow water, skating with jerky 
movements over the surface film (Fig. 27). 
Family 5. Nepidae. The water scorpions. Long, stick-like in- 
sects with long, stiff, spindly legs. Front 
feet adapted to seizing and holding other 
insects and small fishes. End of abdomen 
supplied with long, needle-like breathing 
tubes. Mouth a short, awl-like sucking 
tube (Fig. 34). 

Family 6. Cimicidae, The bedbugs. Rounded, flattened, wing- 
less, evil-smelling household pests with 
winged relatives living in woodlands. 
Famil'^^ '^nhidae. Small, straight-sided, predatory bugs which 
feed upon caterpillars and other soft-bodied 
insects. Length slightly more than a quarter 
of an inch. 

Family 8. Reduviidae. The assassin bugs. Fairly large, elongated, 

predatory bugs with narrow heads and 
elongated mouth parts. Often “bite.'^ 
Color variable, from black, brown wdth 
markings of red. The abdomen is ex- 
panded behind. 

Family 9. Phymatidae, The ambush bugs. Queer-looking, rough, 

angular bugs with protective body shapes. 
The> lie in ambush in the heads of flow- 
ers and seize spiders and inserts (Plate X, 
Fig. 4). 

Family 10. Miridae or Capsidae, The leaf bugs. The tarnished 

plant bug (Plate X, Fig. 2). 

Family 11 . Tingidae. The lace bugs. Small, gauzy, lace-like bugs 
(F^ig. 89). Found on undersides of leaves. 
Family 12. Lygaeidae. The chinch bugs. The milkweed bug and 
chinch bugs. 

Family 13. Pentatomidae. The stink bugs. Short, broad, slightly 

triangular, flattened bugs with evil 
odors. The harlequin bug (Plate X, 
Figs. 1 and 7) and numerous others. 
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Family 14. Coreidae. The squash bug family. Resemble the pre- 
ceding but larger and with antennae inserted 
higher on the head. Body shape variable. 

Family 15. Neididae. The stilt bug. Slender body and extremely 
long legs (Plate X, Fig. 5). 

ORDEii 14. PARASiTA or ANOPLURA. The blood-sucking lice. Numer- 
ous species of degenerate insects 
including head lice, body lice, 
and the crab louse of humans. 
Others are commonly found on 
lower animals. Wingless, flat- 
tened, with eyes usually lacking. 
Metamorphosis gradual. 

ORDER 15. COLEOPTERA. The beetles, which arc the most numerous 
in sjKJcies of all insects. External skeleton 
usually horny. Four wings, the outer or 
front pair tough, opaque, meeting in a 
straight line on the middle of the back. 
Form and size variable. Antennae variable. 
One group, the Rhyncophora. with snouts. 
Families numerous. 

Family 1. Cicindelidae. The tiger beetles. Long-legged, running, 
flying, predatory beetles often with bright 
green, whitish, bluish, or bronze colora- 
tion. About half an inch long. They are 
mostly seen on the ground or flying at a 
short distance above it. Mostly seen 
on sandy beaches. Larvae are found in 
rather moist sand, their location being 
revealed by small holes. The adults are 
active beetles with the thorax broader 
than the head. The eyes are prominent 
(Fig. 129). 

Family 2. Carahidae, The ground beetles. A large family of 
predaceous beetles that have long, flat- 
tened bodies, running legs, and usually a 
dull coloration, many of them being black 
or dark brown. Found almost entirely on 
the ground under stones and other objects. 
Usually nocturnal. The bombardier beetle, 
the searcher beetle, and the fiery hunter 
(Fig. 130, G, F, C). 
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Family 3. Dytiscidae, The predaceous diving beetles. Oval, flat- 
tened, aquatic beetles with obscure heads, 
thread-like antennae, and with hind legs 
flattened, elongate, and fringed with hair. 
They may be distinguished from other 
water beetles by the fact that their hind 
legs move simultaneously, and they pro- 
gress by forward darts or leaps on land. 
They range in size from yery small species 
to the large Dytiscus, which is more than an 
inch ill length. The front feet of the males 
are etiuippcd with cup-like discs for holding 
to the smooth elytra of females (Fig. 39). 

Family 4. Flaliplidae. The crawling water beetles. Small, oval 
beetles with pointed ends. Not over o mm. 
long, usually yellowish, marked with ob- 
scure black spots. Their movements are 
crawling. 

Family •'>. llydrophilidae. The water scavengers. Elongated, el- 
liptical beetles with convex dorsal sur- 
faces. Antennae club-shaped, Hind 
legs move alternately. Usually black 
and shining (Fig. 38). 

Family 0 . Gyrinidew. The whirligigs. Flattened, broadly oval 
beetles which collect in numbers on the 
surface of the water where they gyrate 
rapidly, zigzagging or diving when dis- 
turbed. Most of them have short, flattened, 
swimming legs; and nearly all are odorous, 
some pleasantly so and others noxious. 
Eyes divided into two distinct lobes 
(Fig. 28). 

Family 7. PUitijpsylluhw, The beaver parasite. This is the only 

adult parasitic beetle. 

Family 8. Silphidae. The carrion beetles. Two genera, Silpha 
being broad and flat with brownish elytra 
and a yellowish rounded prothorax which 
is greatly expanded. The ljurying beetle or 
sexton beetle, Necrophorm, is narrower, 
stout, with orange spots. Both are at- 
tracted to carrion of all kinds (Fig. 130, 
A-E). 
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Family 9. Staphylinidae. The rove beetles. Easily identified by 

long, narrow bodies and greatly short- 
ened wing covers. Numerous species, 
attracted to carrion and excrement 
(Fig. 130, D). 

Family 10. Lampyridae. The fireflies. Soft-bodied beetles with 
antennae composed of 11 segments. The 
lightning bugs.” 

Family 11. Histeridae, Small, short, black, rounded beetles that 
appear to have no heads. Found in carrion 
and excrement. 

Family 12. Cantharidae. The soldier beetles. Soft-bodied, slender 
beetles represented by the yellowish 
beetles having the posterior half of the 
wing covers black. Found in great num- 
bers on flowers in late summer, usually 
in copulation. 

Family 13. Meloidae, The blister beetles. Represented by the 
black goldenrod beetles (EpicaiUa) and the 
short-winged Meloe. The medicinal Can- 
tharadin is obtained from this family 
(Plate XI, Fig. 7). 

Family 14. Elateridae. The click beetles or snapping beetles. The 
thorax is broad, and the head is small and 
inserted in the thorax. The abdomen ta- 
pers posteriorly. Larvae are wireworms. 
The eyed elater (Plate XII, Fig. 3; Plate 
XIII, Figs. 3-5). 

Family 15. Buprestidae, The metallic wood borers. Similar to 
click beetles in form but all are metallic. 
The apple tree borer (Plate XII, Fig. 10). 

Family 16. Dermestidae, The larder or skin beettesr. •Household 
pests including carpet beetles (Plate XIII, 
Fig. 11). 

Family 17. Cucujidae. The saw-tooth beetles. Very flat, with 
margin of thorax usually toothed. F'ound 
under bark, usually red. The saw-toothed 
grain beetle (F'ig. 131). 

Family 18. Frotylidae, Wood-boring or stem-boring, greatly con- 
vex beetles usually marked with red and 
black in dull bands across elytra. 

Family 19. Cocdnellidae, The lady bugs (Plate XIII, Fig. 9). 
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Family 20. Tenehrionidae, The darkling beetles. Often found in 

flour and cereals. Also on tree trunks 
at night. Numerous species of different 
habits. Variable in form. Boletotherus 
and Tenebrio (Fig. 135). 

Family 21. Scarahneidae. The scarabs. Tumble bugs (Fig. 134), 

Pelidnota (Plate XII, Fig. 2), June beetle 
(Fig. 76), and numerous others. 

Family 22. Lucanidae. The stag beetles. Flattened, brownish 
beetles with prominent jaws, especially in 
males. Lneamus (Fig. 127). 

Family 23. Passalidae. Passalus (Plate XII, Fig. 11). 

Family 24. Prionidae. The large, long-homed beetles including 
Prionus (Plate XII, Fig. 14) and Parandra 
(Plate XI, Fig. 3). 

Family 25. Cernmbycidae. The long horns. A large and variable 

family with long antennae, sometimes 
much longer than the body. CylUne 
(Plate XI, Fig. 8), Saperda (Plate XI, 
Fig. 5). 

Family 26. Chrysoinelidae, The flower beetles (Plate XIII). The 

potato beetle (Fig. 4), tortoise beetle 
(Fig. 7), asparagus beetle (Fig. 8), 
spotted cucumber beetle (Plate XII, 
Fig. 1), and numerous others. 

llhyncopliora, or snout beetles. A suborder of Coleoptera includ- 
ing the weevils, such as the chestnut curculio 
(Curcuiionidac) (Fig. 133), the engraver beetle 
(Scolytidae), and numerous others representing 
many families. 

There are numerous other ]>eetle families in both the Coleoptera 

and the Hhyncophora. A description of the faniilies is impossible 

here. riie student is referred to I^utz, Field Book of hisects; 

Platehley, Coleoptera of Indiarui; and Comstock, Introduction to 

Entomology. Other works arc appended to this chapter. 

DiiDEii 16. HYMENOPTEiiA (incmbranous wings). Rees, ants, wasps. 

This group includes tlie honey bee, bumble 
l)ec, and many other familiar insects; but 
it also has in it a great many lesser-known 
forms which range in size from verj’' minute 
wasps which parasitize the eggs of plant 
lice to the large and conspicuous horntails 
and ichneumon flies. Most of them liave 
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four membranous wings, the front ones 
being considerably larger than the hind 
ones. In flight, the wings are held together 
by a row of hooks on the anterior margin 
of the hind wings. The wings have few 
veins. The ovipositor in the females is 
frequently modified into a sting, while in 
others it is conspicuously developed into 
long, hair-like projections. A few kinds 
are wingless. Mouth parts are extremely 
variable. The metamorphosis is complete. 
The order is large and difficult to classify. 
The important families are discussed in the 
text; the commonest families arc listed 
below. 

Family (Group) 1. Sawflies (including the families Xyelidae, Pam- 

phUiidaCf Siricidde, Tenthrcdinidac, 
(HwhicidaCy and Onjssid(w). These in- 
clude the more generalized of the Ily- 
menoptera. The wing venation is less 
reduced than in other Hymenoptera, 
and the form of the body is less morl- 
ified. Abdomen is broadly joined to 
the thorax, the basal segments being 
similar in form. The ovipositor is well 
developed and fitted for making in- 
cisions in stems and leaves; often saw- 
like. The larvae of this group arc all 
plant-eaters; and with the exception 
of the leaf miners are caterpillar-like 
in form (Fig. 141). 

Family 2. Siricidae (horntails). Example: Trepie^r^ columbn. 
Body cylindrical; head large, widened behind 
the eyes; the anterior tibia each with only 
one apical spur; last segment with a more or 
less horn-like projection; ovipositor very long, 
exserted beyond abdomen, fitted for boring 
(Fig. 142). 

Family 3. Braconidae, Includes a large number of parasitic spe- 
cies of small or medium size. Trochanters 
composed of two joints. Venter is mem- 
branous and in dried specimens has a 
longitudinal fold. Ovipositor often long 
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and exserted. Differ from the Ichneu- 
monidae in that the third discoidal cell 
(1st M 2 ) is open. The second and third 
segments of the abdomen are usually im- 
movably united (Fig. 145). 

Family 4. Ichneumonidae. Example! Megarhyssa lunalor (Fig. 

143). Include tne larger of the par- 
asitic Hymenoptera. Trochanters 
composed of two joints; first joint of 
abdomen often elbowed; venter mem- 
branous with a longitudinal fold in 
dried S|X5cimens; ovipositor usually 
long and exserted. Differ from the 
liraconidue in having third discoidal 
cell closed, and in having all joints 
of the abdomen freely movable. 

Family (GroujA 5. Proctotrupids (better-known families are Pele^ 

cinidae^ Ceraphronidae, Platygas^ 
triddey Scelionicldey Diapriidne, 
BelylidaCy and Heloriddc), Slen- 
der, mostly minute insects, 
nearly all parasitic. Color usu- 
ally black or brown. Hind wings 
without an anal lobe. Pronotum 
extending back to the togulae. 
Oviix)sitor issuing at the tip of 
abdomen. Wing venation greatly 
reduced, some forms wingless. 
Abdomen with a sliort, cylin- 
drical i^tiole, the &i ond seg- 
ment much longer and larger 
than the others. Peledims 
(Fig. 144) largest species. 

Family (Ciroup) G. Cynipids (include the families Figitidae, Cyni- 

pidacy and Ilmliidac), Small, often 
minute, insects, mostly gall-produc- 
ing. Antennae never elbowed, rarely 
of more than IG segments. Pronotum 
extended to tegulae, or separat(»d only 
by a membranous area; wings rarely 
wanting, stigma hulking, at most with 
five closeil ceiis. Abdomen greatly 
compressed, dorsal plates usually ex- 
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tending well down on the sides of 
the abdomen; basal dorsal segments 
differing greatly in length in many 
genera. 

Family (Group) 7. Chalcids (commoner families include Myma* 

ridaCf Leucospidae, Chalddidaef Peri- 
lampidae, Callimomidmj Eupelmidae, 
Erunjrtidae, Pierovuilidaei Elasmidae^ 
Evlophidae, Entedontidaej and Tetra-- 
siichidae). Parasitic, mostly minute 
insects, often with strong metallic re- 
flections. Prothorax does not extend 
back to tegulac; wing venation greatly 
reduced, usually of the characteristic 
type. Ovipositor issuing before the 
tip of abdomen, usually hidden, but 
sometimes exserted to great length. 

Family 8. Psammocharidae (the spider wasps). Mostly medium- 

sized wasps, a few of large size. Slen- 
der in form with long, spiny legs, the 
hind femora extending to apex of ab- 
domen or beyond, middle tibia with 
two apical spurs; pronotum extending 
back on each side to tegulae. The 
abdomen is sessile. Most of the 
Psammocharids make their nests in 
the ground, provisioning them with 
spiders; a few, however, are mason 
wasps. 

Family 9. Chrysididae (the cuckoo wasps). Moderate-sized Hy- 
menoptera, usually of a brilliant metallic 
green, of coarse sculpture. Abdomen is 
concave beneath and composed of usually 
three to four segments, at the most five. 
Antennae, 13 joints in both sexes. Pro- 
notum does not reach tegulae. Ovipositor 
tubular, extensile, and maiiy-jointed. No 
closed cells in hind wings. Parasitic, de- 
positing their eggs in the nests of solitary 
^ wasps and bees. 

Family 10. Formicidae (ants). Social insects, usually excavating 
their nests in the soil or in decayed wood. 
Many species establish their coloniss under 
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flat stones and other objects lying on the 
ground. The colonies are made up of three 
castes: males, females or ciueens, and work- 
ers (modified females). In some parasitic 
genera the worker caste is missing. Males 
and females winged in niost species; work- 
ers wingless. First segment of abdomen 
forming a scale or node, second segment 
also often nodiform, strongly differentiated 
from rest of abdomen; tegulae absent or 
much reduced; antennae strikingly cll)Owed 
at extremity of scape (Figs. 153, 155, 156, 
158). 

Family 11. Mutillidae (v'elvet ants). Resemble ants in form of 
body but lack the erect scale on the ped- 
icel of the abdomen. Body often densely 
clothed Avith hair, sometimes ringed or 
spotted with (lontrasting colors, usually 
black and scarlet. Males winged; females 
wingless and al>le to sting. Pro-meso and 
meta thorax often fused into a single piece 
ill females. 

Family 12. Eumenidae, Medium-sized solitary wasps. Differ 

widely in habits. Some forms Inirrow 
in wood, in which cells are partitioned 
off with mud, and others are mason or 
potter wasps, forming cells of earth ii: 
and on the ground and on twigs. Prono- 
tuni extended to tegulae; wings folded 
longitudinally in repose. Differ from the 
Vespidae in that the claAVS are dentate, 
mandibles are grooved externally; and 
only two forms, male and female, are 
jiresent. 

Family 13. Vespidae. IVIostly medium-sized wasps of social hab- 
its. Nests composed of gray, paper-like 
material. In some genera the nests are 
entirely enclosed except for a small en- 
trance; in other genera the nest consists 
merely of a paper comb. Pronotum ex- 
tending back to tt gulae; wings folded longi- 
tudinally in repose; claws not dentate; 
mandibles not grooved externally. 
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Family 14. Spkeddae (the thread-waisted wasps). Pronotum 
collar-shai)ed, not extending to the tegulae. 
I^etiole of the abdomen extremely long; 
middle tibia bearing two apical spurs. The 
sphecids include the mud-daubers, which at- 
tach nests of mud to walls and ceilings of 
buildings, and provision them with spiders. 
There are also other sphecids which burrow 
in the sand and provision their nests with 
caterpillars (Fig. 147). 

Family 1 5. Bemhecidae. Solitary, smooth-bodied wasps, usually of 
medium size. Usually black with greenish- 
yellow bands. Abdomen not petiolate; 
usually three cubital cells in fore wings; 
ocelli distorted; antennae inserted close 
to clypeus; cheeks narrow; labruni large, 
free, elongate, and pointed; middle tibia 
armed with only one evident apical spur. 
Construct burrows in the sand, and pro- 
vision them with flies. Some species 
practice progressive provisioning as do 
birds. 

Family 16. Ilaliciidae, Small to medium-sized solitary bees. Usu- 
ally blue to green, sometimes red or yellow, 
in color, with strong metallic reflections. 
Radial cell pointed. Usually three cubital 
cells in fore wings. 

Family 17. Megachilidae (the leaf-cutter l)ees). Medium-sized sol- 
itary bees, similar in appearances to 
honey bees. Pollen on ventral side of 
abdomen except in parasitic forms. 
Tongue long; only two siibinatginal cells 
in fore wings; claws simple, or only with 
a basal tooth. Most species burrow in 
dead wood and pithy stems, constructing 
a nest of cither pieces of leaves or of 
shredded plant fibers. Some species are 
parasitic, laying eggs in the nests of other 
leaf-cutters. 

Family 18. Bomhidae (the bumble bees). Large or medium-sized 
bees of robust form; rather densely covered 
with hair; usually of yellow and black colora- 
tion, although sometimes reddish orange and 
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black. Flight is noisy. Two genera — Bomhua 
and Psithyrus. The genus Bombus, com- 
IK)sed of social bees, contains a worker caste. 
The queens found the colonies each year, 
and the queens of the genus Bombus bear 
pollen baskets on the hind legs as do the 
workers. Members of the genus Psithyrus 
are distinguished by the absence of pollen 
baskets. This genus contains no worker 
castes. Cheeks separating eyes from mandi- 
bles longer than the pedicel of the antennae 
(Fig. 17). 

Family 19. Apidna (the honey bees). Social bees of medium size. 

Hind til)ia without spurs; marginal cell very 
long; hairy; only w'orkers possess pollen 
I)ask(;ts on hind logs. The single species, Apis 
meilifica^ found in this country nests in hollow 
tree trunks and caverns when not brought 
under domestication (Fig. 151). 

ORDEU 17. i.EiMDorTEUA (scaly w'ings). The moths and butterflies. 

A very large order of insects with diversity 
of form, color, and habits. Wings covered 
w itli fine scales. Metamorphosis comi)lctc. 

THE AIOTJIS: (iieteuoc’eua) 

Famil^'^ 1. Micro ptcnjgidae. Small, metallic, flower-inhabiting 

moths. The only moths with man- 
dil)ulatc or chewing mouth parts. 
Diurnal. 

Family 2. Ifcpiolidoc, The .swifts. 

Family 3. Ctfssidac, Carpenter moths, l.eopard iiioth Fig. 97). 

Family 4. Mcgolopygidae. Flannel moths. 

Family 5. Euclcidac, Slug caterpillar moths. Oak slug moth. 

Family i\. Tincidac. Clothes moths. 

Family 7. Psychidae. Bagworm moths. 

Family 8. Aeycridac, Clear-wdnged moths. Peacli borer (Fig. 110). 

Family 9. T'ortricidne. Leaf rollers. 

Family 10. Olclhrciitidae, Coddling or ap])Ic-worjn moth. 

F'amily 11. Pyredidae, Snout moths. 

Family 12. Sphinyidue. Sphinx moths or hawk moths (F'ig. 107). 

F'amily 13. Gcometridne. ^Measuring worms. 

Family 14. N otodontidue. The prominents. 

F^amily 15. Lymantriidae. Tussock moth (Fig. 108, A-C). 

F^amily 16. Noctuidae. Cutwwms. 
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Family 17. Arctiidae. Tiger moths (Fig. 108 D). 

Family 18. Lasiocampidae. Tent caterpillars. 

Family 19. Citheroniidae. Royal moths (Fig. 94). 

Family 20. Saturrdidae. Silkworm moths — Cecropia^ Polyphemus^ 
Promethea. 

THE butterflies: (rhopalocera) 

Family 1. Hespcriidae. The skippers. Bodies thick. Antennae 
hooked at their tips (Fig. 115). 

Family 2. Pajnlionidae. The swallow tails (Fig. 116). 

Family 3, Pieridae, White and sulphur butterflies. Cabbage but- 
terfly (Fig. 123). 

Family 4. Nymphalidae. Four-footed or brush-footed butterflies 

— ^monarch, silver spot, wood nymph 
(Figs. 15, 117, 125, list complete). 
Family 5. Lycaenidae. Blues, coppers, hairstreaks. Small 
(Fig. 124). 

order 18. diptera (two wings). The flies, mosquitoes, and gnats. 

Two wings with halteres or balancers on meta- 
thorax. Metamorphosis complete. 

Family 1. Tipulidae. Craneflies. Mosquito-like flies with long 
legs. Found in wet woods and near water 
(Fig. 37). 

Family 2. Simuliidae. Black flies, buffalo gnats. Small, short, 
thickset flies with large heads. Breed in 
water (Fig. 41). 

Family 3. Psychodidae. Moth flies and sand flies. 

Family 4. Chirouomidae. The midge flies. Larvae in water. 
Family 5. Ceddomyiidae. The gall gnats. 

Family 6. Mycetophilidae. The fungus gnats. 

Family 7. Cvliddae, The mosquitoes (Fig. 35). 

Family 8. Tabanidae. The horse flies (P^ig. 36). 

Family 9. Stratiomyiidae. The soldier flies. Larvae in water. 
P'amily 10. Asilidae, The robber flies (Fig. 139, 1, J, K). 

Family 11 . Bombyliidae, The bee flies (Fig. 137). 

Family 12. Dolichopodidae. The long-legged flies. 

Family 13. Phoridae, Humpbacked flies. Small. 

Family 14. Syrphidae, Flower flies (Fig. 17). 

Family 15. Conopidae, Thick-headed flies. 

Family 16. T rypetidae. Fruit flies. Apple maggot. 

Family 17. Drosophilidae. Pomace flies. Vinegar gnats. Attracted 

to fruits. Small. 

Family 18. Musdda^, House flies, stable flies (Fig. 1361. 
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Family 19. Calliphoridae. Flesh flies. Large; bluish or grayish 

(Fig. 138). 

Family 20. Sarcophagldae. Flesh flies. In carrion. 

Family 21. Tachinidae. Tachinid flies. Hairy-bodied, predatory 
flies. 

Family 22. Oestridae. Botflies, blowflies, warbles. 

Family 23. Hippohoscidae, Sheep tick, louse flies. 

Family 24. Braulidae. Bee lice. Parasitic on bees. 

ORDER 19. STREPSiPTERA (twistcd wiiig). Beetlc-like parasites be- 
tween abdominal segments of bees and 
wasps. 

ORDER 20. TRicHOPTERA (hairy wings). Caddis flies (Fig. 42, D). 

Moth-like insects with four hairy, similar 
wings. Antennae long, slender. Larvae 
are case builders in ponds and streams. 
Metamorphosis complete. Adults nocturnal. 
Found on vegetation along streams during 
the day. Larval cases shown on Plate I. 

Family Liniiiophilidae, 

Family 2. Sericostornatidae, 

Family 3. Colamoceratidae, 

Family 4. Leptoceridae. 

Family 5. Hydropaychidae. 

Family 6. Poly emir opidac. 

Family 7. Philopotamidae, 

Family 8. Rhyacophilidae. 

Family 9. Phryganeidae, 

ORDER 21. NEUROPTERA (iiervc wing). Dobson fly, ant-lion. Four 
finely veined wings. Mouth parts mandib- 
ulate. Antennae long. Metijnorphosis 
complete. 

Family 1. Corydahdae. The dobson fly (Fig. 43). 

Family 2. SuUidae, The fish fly or alder fly (Fig. 29). 

Family 3. Chrysopidae. The lace wing (Fig. 68). 

Family 4. Myrmclionidae, Ant-lion (Fig. 91). 

ORDER 22. MECOPTERA (long wing). The scorpion flies. Four long, 
narrow 'wings. Head elongated. Mouth parts 
mandibulate. Larvae caterpillar-like. Met- 
amorphosis complete. Found in shady woods 
on foliage. 

Family 1. Panorpidae (scorpion flies) (Fig. 90). 

PHYLUM XI. ECHINODERMATA (hedgehog skin). Starfishes, sea 

urchins, sand dollars, brittle stars. 
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basket stars, sea cucumbers. 
Spiny and tough-skinned; radi- 
ally symmetrical; usually com- 
posed of five arms or antimeres 
radiating from a central disc. No 
land or fresh-water representa- 
tives. 

Class I. Asteroidea. Starfishes (Plate II, Figs. 1, 2, 7). 

Class II. Ophiuroidea. Brittle stars. With small body disc and 

long, serpentine arms (Plate II, Fig. 4). 
Class III. Echinoidea. The sea urchins and sand dollars. Body 

subglobular, the five antimeres fused to- 
gether; covered with movable spines. 

Class IV. Holothuroidea. Sea cucumbers with long, cylindrical, or 

ovoid bodies covered with muscular body 
wall. 

Class V. Crinoidea. Crinoids or sea lilies (Plate II, Fig. 3). 

PHYLUM XII. CHORDATA. All characterized by having a notochord 

or an articulated backbone. The verte- 
brates are the ones of most importance 
here. 

Class I. Cyclostomata. Primitive, cold-blooded, fish-like verte- 
brates without jaws. The lamprey. 
Common in northern lakes and streams. 
(Plate XVI). 

Class II. Elasmobranchii. Sharks and rays. 

Class III. Pisces. Fishes. Cold-blooded vertebrates with jaws and 
usually with lateral fins (see Plates XV, XVI, 
XVH, XVHI, XIX). 

ORDER 1. CHONDUOSTEI. 

Family 1. Acipenseridae, Sturgeon. Body covered with bony 

plates. 

ORDER 2. HOLOSTEI. 

Family 1. Amiidae, The bowfin. 

Family 2. Lepisosteidae, Gar pike. 

ORDER 3. TELEOSTEi. Boiiy fishes. 

Family 1. Cyprinidae, Carp, goldfish, minnows. 

Family 2. Catastomidae. Suckers. 

Family 3. Siluridae. Catfishes. 

Family 4. Sfdmonidae, Salmon, trout. 

Family 5. Esocidae. Pike. 

Family 6. Anguillidae. Eel. 

Family 7. Gasterosteidae. Stickleback. 
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Family 8. Syngnathidae. Sea horse (marine). 

Family 9. Percid(ie. Perch, darter, miller’s thumb. 

Family 10. Centrarchidae. Sunfish, bass. 

Class IV. Amphibia. Frogs, toads, salamanders. Cold-blooded, 
smooth-skinned vertebrates. 

ORDER 1. CAUDATA. Tailed amphibians (see Plate XIV). 

Family 1. Proteidae. Necturus or mud puppy with purplish, plu- 
mose, external gills. Rivers and creeks. 
Family 2. Sirenidae. The siren. Long, slender, -cylindrical body 
with small front feet. The hind limbs are 
absent. 

Family 3. Amj)hiurnidae. The Congo eel. Body long, slender, 

serpentine; with two pairs of small 
limbs; one pair of gill openings; without 
eyelids. 

Famil}'' 4. Pryptohramhidae. Hellbender. 

Family 5. SfUamandridae, Triturus, 

Family 6. Amhyatomidae. Ainhysiomn, tiger salamander, marbled 

salamander. 

Family 7. Plethodontidae, Eurycea^ Deamognathus, 

ORDER 2. SALIENTA, Frogs and toads. Tailless amphibia; without 
scales; two pairs of limbs; without external 
gills or gill openings in adult. 

Family 1. Pelohatidae, S])adc-foot toad. 

Family 2. Bufonidae, Common toad. 

Family 3. Jlylidm. Tree frogs. 

Family 4. Brencipitidae. Narrow-mouthed toads. 

Family 5. Ranidac, True frogs. Creen frog, bullfrog, leopard frog, 
jiickerel frog. 

Class V. Reptilia, Turtles, tortoises, crocodiles, alliga to*', lizards, 
chameleons, and snakes. Cold-blooded, scaly 
skinned. 

ORDER 1. TESTiJDiNATA. Turtles and tortoises. Reptiles with body 
encased in a bony capsule; jaws toothless; 
quadrate bone immovable; ])entadactyl ap- 
pendages (usual ly ) . 

Family 1. Chdydridnc, Snapping turtles. Small plastron; tail long; 

limbs, neck, and head large, not capable 
of being withdrawn into shell; hook- 
beaked snout. Chdydra (Fig. 192). 

Family 2. Kinofilcrnidac. ]Musk and mud turtles. Eight bones in 

the plastron. Kinosternofij Sternotherus 
(Fig. 188). 
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Family 3. Tesivdinidae. Tortoises and most turtles. TestudOj 
EmySf Chrysemys (Fig. 187). 

Family 4. Trionychidae, Soft-shelled turtles, broadly webbed dig- 
its; head and neck retractile. Trionyx, 
Amy da (Fig. 193). 

ORDER 2. CROCODILIA. Crocodiles, alligators, and caimans. Procoe- 
lous vertebrae; single nostril at end of snout; 
front feet with five digits; hind with four 
and traces of a fifth; anus a longitudinal slit. 
Family 1. Crocodilidae. Crocodiles, alligators, caimans (Fig. 195). 
ORDER 3. SQUAMATA. Chameleons, lizards. Homy epidermal scales; 

vertebrae usually procoelous; quadrate bones 
movable. 

Family 1. Chamaeleontidae. Digits in groups of two and three, 

for grasping. Chameleons. 

Family 2. Iguanidae. New World lizards. Teeth similar, fastened 
in a groove. Anolis, Sceloporm, Phrono- 
soma. Iguana. 

Family 3. Teiidae. New World lizards. Tongue long, bifid, re- 
tractile; tail long; limbs well developed. Cne- 
midophorus. 

Family 4. Scinddae, Skink (fence lizard). Tongue scaly; only 
slightly necked; limbs may be reduced or 
absent; well-developed bony plates on head 
. and body. 

ORDER 4. SERPENTES (Opludia). Elongate; limbless; anal opening 
transverse; paired copulatory organs; eyelids 
immovable; tympanic cavity; urinary bladder 
and pectoral arch; rami of lower jaw connected 
by ligament. 

Family 1. Leptotyphlopidae (Glauconidae), Burrowing snakes. 

Lower jaw toothed; vestiges of hind 
limbs and pelvis. Glaiuvniay A?if)-‘ 
malepis. 

Family 2. Boidae. Pythons and boas. Usually large; pelvic and 
hind limb vestiges; ventral scales transversely 
enlarged; eyes free and functional. 

Family 3. Colubridae. Harmless and poisonous snakes. Snakes 
with facial bones movable; both jaws 
toothed. Garter, water, black, and milk 
snake (Figs. 176, 180, 181, 183). 

Family 4. Viperidae (Crotalidae). Thick-bodied poisonous snakes 
with a pair of large perforated fangs. Rattle- 
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snake, copperhead, and moccasin (Figs, ISS- 
186). 

Class VI. Aves. The birds. The only animals possessing a coat of 
feathers. The characters of the orders are listed 
in the chapter on birds. The orders and families 
are as follows. 

ORDER 1. GAViiFORMES. Divers. Loons. About lakes. 

Family 1. GaviidUie. Loons. 

ORDER 2. COLYMBIFORMES. Divers. Grebcs. Ocean, fakes, and ponds. 
Family 1. Colymbidae, Grebes. 

ORDER 3. PROCELLARiFORMES. Alhatrosscs and petrels. On ocean. 
Family 1. JHomedeidae. Albatross. 

Family 2. Hydrobatidae. Shearwater, petrel. 

Family 3. Oceanitidae, Stormy petrel. 

ORDER 4. PELicANiFORMES. Pouch-billcd birds. Lakes, streams, and 

ocean. 

Family 1. Phaethnniidae. Tropic bird. 

Family 2. Pelicnnidae. Pelican. 

Family 3. tSulldae. Gannet, booby. 

Family 4. Phalacrocoracidae. Cormorant. 

Family 5. Anhingidae, Darter. 

Family 0. Fregatidne, Man-o’-war bird, frigate bird. 

ORDER 5. cicoNiiFORMES. Wadiiig birds. Ponds, streams, shores of 

lakes and ocean. 

Family 1. Ardcidae, Heron, bittern. 

Family 2. Ciconiidae. Stork, ibis. 

Family 3. Threfikioriiiihidae. Spoon bill. 

Family 4. Phomicopteridae. Flamingo. 

OKDKu 6. ANSEuiFOKMES. Duck-likc birds. Ducks, geese, swans. 
Family 1. Anatidae, Contains all members of the order and in- 
cludes seven subfamilies. Seen about lakes, 
ponds, streams. 

ORDER 7. FALCONIFORMES. Ilawks, caglcs, vulturcs. 

Family 1. Cathartidae. Turkey buzzard or vulture. 

Family 2. Accipitridae. Hawks, eagles. 

Family 3. Falconidae, Falcons. 

ORDER 8. GALTJFORMES. Scratching birds. 

Family 1. Tetraonidde. Ruffed grouse. 

Family 2. Perdiridae. Robwhite quail, helmet quail. 

Family 3. Phammidne. Ring-neck pheasant. 

Family 4. Meleagridae, Turkeys. 

ORDER 9. GRUiFORMEs. Thc runiiers. Cranes, rails. 

Family 1. Mcgalornilhidne. Cranes. 
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Family 2. Aramidae. Limpkin. 

Family 3. Rallidae, Galliniile, coot, and rail. 

ORDER 10. CHARADRiiFORMES. Shore birds. 

Family 1. Charadriidae. Plovers. 

Family 2. Scolopacidae. Snipe and sandpipers. 

Family 3. Phalaropodidae. Phalaropes. 

Family 4. Laridae. Gulls and terns. 

Family 5. Alddae, Auks, murres, and puffins. 

ORDER 11. COLUMBIFOUMES. Dovcs and pigeons. 

Family 1. Columbidae. All doves and pigeons. 

ORDER 12. psiTTACiFORMES. Climbing birds with hooked beaks. 

Tropics and Southern forests. 

Family 1. Psittacidae, Carolina parakeet (extinct?). 

ORDER 13. CUCULIFORMES. 

Family 1. Cuxmlidae. Road runner, yellow- and black-billed cuck- 
oos. 

ORDER 14. STRIGIFORMES. Birds of prey with hooked bills. Owls. 

Nocturnal. 

Family 1. Tytonidae, Barn owl. 

Family 2. Strigidae, Great-horned owl, screech owl, barred owl, 
and others. 

ORDER 15. CAPRiMULGiFORMES. Noctumal, pointed- wingcd birds. 

Nighthawks and whip-poor-will. 
Family 1. Capriimdgidae. Nighthawk and whip-poor-will. 

ORDER 16. MicROPODiiFORMES. Pointcd-winged birds. 

Family 1. Micro podiidae. Chimney swift. 

Family 2. TrochiUdae, Humming bird. 

ORDER 17. CORACIIFORMES. Stroiig-billed birds. 

Family 1. Alcedinidae. Kingfisher. Along streams, lakes, and 
ponds. 

ORDER 18. PiciFORMES. Peeking birds, wood-drilling birds. Wood- 
land birds. 

Family 1. Picidae, Woodpecker, flicker, sapsuckcr. 

ORDER 19. PASSERIFORMES. Perching birds (Plates XXI-XXIII) . 
Family 1. Tyrannidae, Flycatcher. Kingbird. 

Family 2. Alaudidae. Larks. Horned lark. 

Family 3. Hirudinidae, Swallows. 

Family 4. Corvidae. Crows and jays. 

Family 5. Pfiridae. Tufted titmouse, chickadee. 

Family 6. Sittidae. Nuthatch. 

Family 7. Certhiidae. Brown creeper. 

Family 8. Troglodytidae. Wrens (house wren, Carolina wren, 

marsh wren, etc.). 
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Family 9. Cinclidae. The dipper. 

Family 10. Chamaeidae. The wren-tits (Western). 

Family 11. Mimidac. Mockingbird. Thrasher. 

Family 12. Turdidae. Thrush. Bluebird. Robin. 

Family 13. Sylviidae. Golden-crowned kinglet. Gnat-catchers. 
Family 14. Motacillidae. Pipits and wagtails. 

Family 15. Bomhycillidae, Cedar waxwing. 

Family 16. Ptilogomdidae. The silky fly-catchers. 

Family 17. Laniidae. Shrike or butcher bird. 

Family 18. Sturnidae. English starling. 

Family 19. Vireonidae. The vireos. 

Family 20. Coerebidae. Honey creepers. 

Family 21. Mnintiltidxw. The wood warblers. 

Family 22. Icteridae. Blackbird, oriole, meadowlark. 

Family 23. Thraupidae. Scarlet tanager. 

Family 24. Fringillidae, Sparrows, goldfinch, redbird or cardinal, 
rose-breasted grosbeak, crossl)iII. 

Class VH. Mammalia. “W’arm-blooded^^ animals having hair, and 

which nourish their young with milk. (See 
Mammals) (Plates XXV-XXVT). 

ORDER 1. MARSuriALiA. Mammals with a marsiipium or pouch. 

Kangaroo, opossum. 

Family 1. Didelphiidac. The opossum. 

ORDER 2. iNSECTivoRA. Iiiscct-eating mammals. 

Family 1. Talpidac. Moles. 

Family 2. Soricidae. Shrews. 

ORDER 3. cniROPTERA. Wiiigcd maiumals. 

Family 1. Vespctiilioniddc. The common insectivorous V}ats. 
Family 2. PhyUoatowidne. Vampire or blood-sucking bats. ^Mostly 

tropical. 

ORDER 4. CARNIVORA. Tlio flosli-eatiiig mammals. 

Family 1. Vrnilne, The V>rown or cinnamon l)ear. 

Family 2. Provyonidne. Raccoon. 

• Family 3. Mustdidac. Weasel, otter, skunk, badger, marten, wol- 
verine, fisher. 

Family 4. Canidm. Wolf, coyote, red fox, gray fox. 

Family .5. Fdidae. Cougar, lynx, wildcat, jaguar, ocelot. 

ORDER 5. RODENTiA. Giiawing animals with long incisors in front. 
Canines absent. 

Family 1. Muridae, Old World rats and mice. 

I'amily 2. Sciuridac, Squirrels, ground squirrel, chipmunk, wood- 
chuck, gopher, flying squirrel. 

Family 3. Gcomyidae, The pouched gophers or pocket gophers. 
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Family 4. Castoridae. Beaver. 

Family 5. Erethizontidae, Porcupine or hedgehog. 

Family 6 . Zapodidae, Jumping mice. 

Family 7. Cricetidae, Native rats and mice. Deer mouse, red- 
backed mouse, wood rat, meadow mouse, 
muskrat, etc. 

ORDER 6. LAGOMORPHA. Rabbits, hares, pikas. 

Family 1. Ochotonidae, Pika. 

Family 2. Leporidae. Pikas, hares, and rabbits. 

ORDER 7. siRENiA. Manatees, sea cows, dugongs. 

Family 1. Trichechidae, Manatees. Florida — rare. 

ORDER 8. CETACEA. Whales, dolphins, porpoises. 

Family 1. Balaenidne. Right whales. 

Family 2. Rhachianectidae. Gray whale. 

Family 3. Balaenopteridae. Sulphur bottom whale, sperm whale. 
Family 4. Kogiidae. Pigmy sj^erm whale. 

Family 5. Delphinidae, Dolphins. 

ORDER 9. XENAUTIIRA (eDENTATa). 

Family 1. Dasypodidae. Armadillo. 

ORDER 10. PINNIPEDIA (frequently included in Carnivora). 

Family 1. Phocidae. Seals or sea lions. 

ORDER 11. ARTiODACTYLA (ungulata). Iloofcd aiiimals. 

Family 1, Taijaasuidae, Peccaries. 

Family 2. Cervidae, Deer, moose, elk, caribou. 

Family 3. Antilocapridae, Pronghorn antelope. 

Family 4. Bovidae, Goats, sheep, antelope, bison. 
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CHAPTER II 


THE INFLUENCES OF THE ENVIRONMENT 

No plant or animal is an organic entity, living for itself and by 
itself, independent of other organisms inhabiting the same area. 
It must be remembered that not only is the entire life of an or- 
ganism, as well as all its activities, affected by the physical and 
chemical factors in the environment; but its life is made a veritable 
complex of interrelationships by the presence of a multitude of 
others of its own and different kinds. 

With all of these each organism must compete for sustenance. 
Against all it must directly or indirectly defend its right to survive. 
Its status with and toward all other individuals must be rather 
acutely defined and understood. 

The environment is not static; rather, it is an ever-fluctuating 
factor, and living organisms must be equipped to endure the 
changes continually taking place in the media in which they live. 
The only places where conditions remain fairly constant arc in 
large caves and at the bottom of the ocean. There the temperature, 
light, pressure, and chemical conditions change but little from 
year to year; and the nature of the environment in these situations 
is such as to preclude an abundance of living things. The animals 
that do live there are highly specialized, as a rule. The survival 
of a species is determined by its capacity for adjusting itself to 
these changes. Naturally there are limits to the ability of an 
organism to withstand changes in the environment, and the 
so-called ‘limits of adjustment^' are characteristic for each species. 
By limit of adjustment is meant the maximum and minimum of 
conditions which a species can endure. Some species can withstand 
wide limits of environmental changes, while others have rather 
narrow toleration limits. Between these two, there is a condition 
known as the optimum, which is the ideal, under which condition 
(or set of condition ^) the organism thrives. 

While all the activities of animals as well as their behavior and 
even their physiological processes are affected by the physical and 
chemical factors of the environment, it is also evident that, in any 
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association, each individual has some relationships which might 
be termed sociological relationships with all the other members of 
the community. While each environmental condition or factor has 
some eff(‘ct upon the lives of animals, no activity or response in 
nature can be attributed to any one factor but rather to combined 
influences. 

The interrelationships between or among animals and between 
animals and plants are numerous and, at times, enigmatical and 
complex. The sum-total of these interrelations may be briefly 
stated as follows: 

1. The interrelationships between animals and their inorganic 
environment. The.se involve adaptations and responses to chemical 
and phy.si(‘al conditions such as light, temperature, water, chemical 
substances present, air, gravity, molar agents, and the substratum. 

2. Interrelationships with plants. These include all of the inter- 
dependencies and tlie lieneficial and non-profiting relationships 
between aniina... <xnrl plants. They involve such considerations as 
food, slu'lter, mimicry, parasitic and symbiotic associations, as 
well as arbon'al adaptations. 

3. The interrelationships of animals. These are many and 
diverse, and they consist of two classes of relationships: 

(a) among animals of the same species, 

(b) among animals of different species. 

Under (a) such things as courtship, sex attraction, secondary 
sexual charactc'rs, home building, rearing of young, mutual as- 
sistance, communication, monogamy, polygamy, and gregarious, 
colonial, and social habits are included. Under (b) the ecological 
interpretations include such relationships as commensal, parasitic, 
symbiotic, and predatory. 

The animal in order to survive must seek and find food; it must 
find or j)rovide a slu'lter from intoh^rable factors; it must seek, 
recognize', and win a mate; it must be equipped to escape from or 
defend itself against innumerable enemies; it must regulate its 
activities according to the periodicity of its worst enemies, as well 
as to those of its food victims; it must endure fluctuations of climate 
and other environmental conditions, and be equipped to survive 
irregular periods of fast and plenty; it must be able to distinguish 
between friends and enc'inies. To accomplish these ends animals 
have invaded every realm of nature; and they have exhibited a 
wide diversity of structural modifications, activities, and selection 
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and construction of home sites and structures. They devour and 
are eaten; they have developed marked sexual differences and 
thousands of other devices for finding, recognizing, and being 
attracted to each other; they have acquired color patterns, which 
are, in some measure, of protective value; they have become 
physiologically and morphologically equipped to withstand ex- 
tremes of temperature and humidity; they have developed wc^apons 
and odors of protection; and many of them have adjustcHl their 
lives so that their active cycles coincide with those of their chief 
food selection-, plant and animal; a number of them have become 
able to hibernate or aestivate during unfavorable periods; others 
migrate from unfavorable to more nearly favorable regions when 
environmental conditions approach the minimum of their tolera- 
tion; and still others have developed metamorphoses and other 
complex life histories to insure their perpi'tuation. 

It is obvious that a comprehensive discussion of all these things 
would go beyond the limits of a text of this kind; but nevertheless 
they should always be kept in mind by the student of nature. 
Since ecology is the study of all of the environmental relationships 
of organisms, all of the above-mentioned factors must be con- 
sidered in order to fully interpret and apprcHnate the lives of 
animals. Furthermore, they provide a lifetime program of field 
observations of a most interesting character. 

Environmental Factors 

A brief discussion of the physical environmental factors will 
indicate, in a measure, their effects uix)n the structure and behavior 
of animals. 

Light. Aside from being a source of energy, light enables animals 
to explore their environment and to see their enemies, their food, 
and each other. All animals exhibit some sort of response to light. 
The response is known as phototropism, and it may be either 
positive or negative — that is, toward or away from the source of 
light. The quality, quantity, and intensity of light all effect 
variations in animal activity; and they determine, to a degree, 
animal associations and the periodicity of activity of all forms 
inhabiting a region. Many animals are active only at dawn, retir- 
ing with the rise of the sun. Others are most active during the 
morning hours before noon; and these, too, withdraw to some 
secluded spot during the period when the sunlight is intense. Many 
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of these, however, continue to be active on cloudy days. Another 
contingent of animals is active only during the brightest hours of 
the day. Sometimes a host of forms that are active in the sunlight 
will suddenly disappear when storm clouds darkcm the sky. The 
migratory locust which travels in hordcis a half-mile wide will 
suddenly desc(md if a cloud obscures the sun during the flight. 
Diurnal, animals frequently retire during an eclipse of the sun. As 
night approaches with the setting of the sun, other kinds begin 
their activities; and at dusk the whip-i^oor-w’^ills, certain bats, 
mos(piitoes, crickets, ground beetles, snakes, and chimney sw^ifts 
are to be s(»en. When the curtain of darkness covers the landscape, 
and after the diurnal forms have withdrawn from the scene, a new 
contingent, tlie “night shift,’^ begins its daily routine. At this 
time skunks, rabbits, rats, mice, raccoons, opossums, tree crickets, 
fireflies, May be('tl(\s, carrion be('tles, moths. May flies, stoneflies, 
water bugs, spiders, flying squirrels, foxes, weasels, frogs, toads, 
salamanders, owls, shrews, rattlesnakes, copperhead snakes, and a 
host of other noctainal animals hold sway. Thus it is evident that 
light conditions play an important part in determining the periods 
of activity of animals. 

Many nocturnal animals have eyes that glow w^hen a light is 
flashed u))on thorn. This indicates that their eyes are specialized 
for nocturnal vision, and their eyes arc equipped with a structure, 
the tapetiim, which is a gristly, reflecting device situated back of 
the lens. This reflects all available light rays, thus effecting an 
incn'ased utilization of the light that is present, and therefore 
doubling the intensity of the stimulus. The color reflected when 
the animals are “spotted” with a flash at night is usually a mark 
of identification. The tapetum, or a similar reflecting structure, is 
present in many kinds of animals including moths, frogs, salaman- 
ders, alligators, snakes, cats, dogs, raccoons, opossums, night 
monkeys, and others. 

As a rule nocturnal animals have well-developed senses of smell 
and hearing, and vision probably does not play so important a 
part with th(‘m as with diurnal species. The nocturnal creatures 
have developed a supplementary set of processes for locating 
each other; and such devices as odors, calls, and luminescence are 
utilized by many species. 

In addition to regulating the activities of animals, light has a 
strong effect upon the physiological processes. It affects metab- 



60 


THE LIVING WORLD 


olism, respiration, evaporation, and mating instincts. It also has 
much to do with color, as is indicated elsewhere. 

One important phase of light study that should not be over- 
looked is that of the morphological structures for perceiving light. 
That protoplasm itself is sensitive to light is indicated by the 
negative phototropic responses of ameba and other iion-specialized 
protozoans. The stigma or eye spot of Eiiglena and thfi host of 
other structures, including the eyes of insects and higher animals 
which are specialized for recording light rays, have been developed 
primarily because of light. Animals that live in subterranean 
caverns when- there is an absence of light are usually blind. There 
is also some evidence to show that many animals, notably worms 
and amphibians, have light rec^eptors distributed over tlu' ))ody in 
the skin. The animals such as tree frogs and chanK'leons that 
have the ability to change tlu'ir colors are enabled to do so largely 
by photic stimulation through the eyes. The light received through 
the eyes affects the isolated pigmented areas in the body covering 
(chromatophores and melanophores) whi(‘h move about or con- 
tract and expand in resi)onse to the light stimulus. The fact that 
many of th(\se animals can changes their colors ev^('n wIhmi tln'ir 
eyes have been removed indicates the prescTice of the light re(‘e|)- 
tors. The (*hanges are effected much more slowly, however, in 
animals which have been blinded; and this also suggests that tln^ 
usual stimulus is received through the ('y(\s th(anselv(\s. 

Temperature. The seasonal cyck^ of animal activity in temperate 
regions is evidence of the effects of tem])erature on the behavior of 
animals. Vegetative ])r()cesses in plants cease wluai cold wc'ather 
approaches; and the plants prepare for a long, unfavoi-able period. 
The spores lack water which would fnn'ze; tlu' herbacc'ons ])laiits 
die above the ground; and in trees tln^ sa]) descends to th(» roots 
after the leaves have increased its conc(‘nt ration by transpiring 
excess moisture. Many animals also develop heavier coats, migrate, 
hibernate, or go into seclusion for the winter sc^ason. In animals 
which do none of these, the activities are often considerably re- 
duced. 

Most insectivorous birds and several species of bats fly to the 
Southland in the {fill and return with the spring. Snakes, frogs, 
toads, salamanders, lizards, some ins(»ets, groundhogs, n^d squirrels, 
raccoons, opossums, skunks, bats, many specaes of rats and mice, 
snails, slugs, spiders, centipedes, millipedes, and even bears retire 
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for the winter in the temperate zone. Many of these really hiber- 
nate in a comatose state until summer has returned, while others 
merely store up food upon which they sul)sist in their winter re- 
treats. Earthworms, ants, larvae, and other ground-inhabiting 
animals “dig in” a little deeper to escape the freezing temperatures 
at the surface of the ground. The animals that do remain active 
must 1)0 equipped vvith protective coverings to withstand the 
lowered temperatures of winter. 

The poikilotherms, or cold-blooded animals, must escape before 
the cold renders them helpless, since decreased temi)eratur(‘.s lower 
the metal)olic rate. The n'tiremcmt of many warm-blooded animals 
(honioiothernis) and the migrations of birds are not necessarily the 
direct ri'sult of lowered temp(n*atur('s, but the latter are certainly 
indirect causes. It must not be forgotten that the disappearance 
of food as the result of cold weather and the inability of many 
animals to get about in the snow necessitate the withdrawal of 
many si)ecies ''r'hosc' that naiiain active meet the conditions in 
various ways. Tiny dev('lop extra hair coats; devices for walking 
on or through th(^ snow (grouse, snowshoe rabbit); exc(‘ss layers of 
insulating fatty tissues; and the ability to live upon fruits, seeds, 
and insects hiding in the crevices of l)ark or passing the winter in 
the (»gg or i)upal stages. 

However, the effects of t(*mperaturc upon the lives of animals 
are far gn'ater than the mere regulation of activity. Throughoiit 
tiH' whole of the animal kingdom we can see remarkable adapta- 
tions to t(*m])eratur(' and its changes. Animals live on glaciers; in 
cold and warm seas, ponds, and streams; on hot desert sands; and 
in hot springs, ddie limits of adjustment to temperature changes 
are almost as diverse' as animals themselves. 

Certain species such as monkeys, lions, sloths, jaguars, leopards, 
paiTots, ('t(*., are confiiu'd to warm, tropical regions. Penguins and 
ix)lar bears are indigenous to i)olar regions. 

Some animals like toads, whales, and pumas range from the 
arctic circle to the equator. The animals which have a narrow 
temperature range and which us\ially require warmth in captivity, 
are known as stenothermal animals, and those which can tolerate 
wide change's of temperatun* are known as eurythermal animals. 
In every zoo there are animals whose cages must be kept warm 
and otlu'rs which are kept (H)o1. 

Animals are guarded against temperature changes in many 
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ways. In forms that winter in the egg, the amount of water in the 
eggs is reduced to a minimum to prevent freezing; and even the 
cellular contents are so modified or concentrated that the freezing 
point is far below that of most other animals. It might be stated 
that sudden changes are most destructive. Many animals can 
tolerate vast changes if the changes are slowly applied. The com- 
mon jellyfish of the Atlantic coast, Aurelia flavidula, extends from 
Cape Cod to the Bahamas. The southern forms can live in the 
colder waters of the North if the temj)erature is lowered very 
slowly, but tin y die quickly when they are suddenly transferred 
from the warm water to the cold water. 

External coats of fur and feathers on mammals and birds are 
provided to maintain the normal body temperatures. These 
change in thickness and density with the seasons. Tlu' heavier 
coats of winter prevent the loss of body heat and insulate the 
bodies against cold. Sweat glands arc present in most warm- 
blooded animals to regulate the body temperatures by evaporation 
in hot weather when the surrounding temperatures are higher than 
the body temperatures. The distribution of sweat glands on the 
body is quite variable. Humans and many other mammals have 
them quite generally distributed over the body surfa(?e, l)ut in 
dogs and cats then^ are very few of these glands on the body. For 
that reason a dog pants when it gets warm and in that way (‘ools 
its body by evaporation from the mouth. Panting is more a sign 
of being warm than a sign of fatigue, as is commonly siipi)osed. 

In whales, dolphins, and other aquatic mammals tlun’e is no 
need for sweat glands; hence they are absent in these animals. In 
whales, for instance, whose external hair coat has been lost as tln^ 
result of response to an aquatic environment, a layer of blubber 
has been developed beneath the skin to protect against suddc'ii 
temperature changes. 

Shivering is another safeguard against frciezing. Shivering in- 
creases muscular action; and this in turn causes an increased 
metabolism of carbohydrates whicdi are evaluated in terms of 
caloric energy. Internal chemical processes are responsible^ for a 
certain amount of body heat in all animals. Cold lowers the 
metabolic rate in many kinds. The normal body temperatures of 
warm-blooded animals is con.stant, regardless of the season. The 
average normal temperature of humans is 37° C.; of mammals 
39° C. ; and of birds 42° C. 
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Cold-blooded animals, which lack the internal regulating 
proeess(\s, are greatly affected by the surrounding temperatures 
and therefore must hibernate when the thermometer drops to a 
dangerous degree. Cold renders them helpless by reducing meta- 
bolic rates. The ability of insects to spend the winter in the egg or 
pupal stages is of great survival value and probably developed 
partly as. a protective and survival device in response to climatic 
changes. It has already been suggested that many animals store up 
quantities of food in their homes so that they may survive long 
periods of cold indoors. The metabolic rate is stimulated by heat, 
and tluTofoni mating instincts and breeding seasons are largely 
determined by seasonal temperatures. The development of insect 
eggs and pupae, and the eggs of all other animals, for that matter, is 
accelerated or retarded by high and low temperatures. Moths and 
many other insects spin cocoons about their eggs and pupae to 
protect them from the cold. The writer has kept the pupae of 
many species of moths for over two years under refrigeration 
without their emerging. When the pupae were transferred to 
incubators, the moths emerged in a very short time. 

The effects of temperature on animal life are numerous. We 
know much more about the effects of heat than we know of the 
effects of cold. However, temperature regulates breeding seasons, 
the number of broods, and even the number of offspring. Animals 
brought from cold climates into warm ones have a greater chance 
for survival than have those of warm climates when taken into 
colder regions. This is due to the fact that warmth stimulates 
mating activities while cold has a tendency to suppress the mating 
desires. Hibernation, wdiich is a distinct temperature response, is 
discussed elsewhere in this text. 

Water. Wati^r is one of the most important of all environmental 

factors. It constitutes of the earth^s mass, and it covers more 

than 72 per cent of the earth\s surface. It thcTcfore provides a 
medium of tremendous volume and ('xpanse, in wdiich countless 
numbers of animals and plants spend all or a part of their lives. 
In addition to the great numbers of organisms which make it their 
permanent home, the water presents an excellent source of food for 
myriads of land animals w hich invade it for foraging and wdiich also 
utilize its security for building their homes. Oceans, lakes, and 
rivers, with their tributaries, also s('rve as highways for the dissemi- 
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Fig. 3. The beach on Lake Erie. TIk! b<‘ach is a dumping ground 
for angry waves. 



THE INFLUENCES OF THE ENVIRONMENT 65 


nation of many species of animals. The utilization of these high- 
ways has made it possible for many sfjccies to efT(H*t a wide distribu- 
tion. On the other hand, water presents very effective barri(?rs to 
the migration of numerous other species; and in this way serves to 
restrict certain species to ratluT confined areas. Many terrestrial 
species have had distribution most effectiv(^ly blocked by wat(T 
barriers. Sometimes a narrow strip of water of great extensity 
sqwates two distinct faunas. 

Water is more nearly constant than any other physical condition 
in tlie environment, and sudden changes in temperature do not 
0 (?(;ur in it. For this reason it is possible for marine animals to 
migrate to distant ])Iaces. Whales, for example, are found from the 
arctic to the antarctic. There are, however, variations in the 
physical and chemical nature of water which determine and alter 
the associations, both j)lant and animal, which are to be found in it. 
It may be warm or cold, salty, fresh, or brackish, with innumerable 
variations in A g^ees of these properties. Each set of conditions 
harbors its own coterie of organisms. A sudden discharge of chem- 
ical factory wastes into a stream may kill all or most of the plant 
and animal life in it. 

Water may be standing, or it may be rapidly or slowly flowing. 
In large bodies of standing water such as large lakes and oceans, 
there are currents which in th('mselves are definite strata and in 
which certain of the water inhabitants are always found. 

As an environmental unit, the depth, density, turbidity, dis- 
solved chemical substances, gjiseous content, hydrogen ion concen- 
tration (acidity and alkalinity), temperature, physical states 
(solid, liquid, gas), and other properties are of vast importance in 
considering the relationshijjs between water and organic life. In 
the great rain forests of South America there is a scarcity of shelled 
mollusks in the streams. This is explained by the fact that the 
constant rains have leached the soil. All soluble salts have long 
since been dissolved and Avashed away. Consequently the waters 
lack the mineral salts necessary for constructing shells. 

AVater has a definite effect uix>n the temperature of an area, as is 
shown by studies of world climate. The mild climates of England 
and Japan are due entirely to the oceanic currents which surround 
them. Sudden and sevc're changes do not readily occur near large 
bodies of wat(T; and the stability of the climate at the seashore 
stands in pronounced contrast to the changing, continental climate 
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of inland sections. The seasonal and geographical distribution of 
water vapor (affecting precipitation and humidity) influences 
climate and therefore affects the distribution and activities of 
plants and animals. A comparison of precipitation and humidity 
on the plant and animal life in tropical regions with the conditions 
in a desert will indicate the effects of moisture on the abundance, 
nature, and activities of living things. 

From the geographical standpoint, the arid and moist areas of 
the world determine population and progressive developriK'nt. 
Where hot and dry seasons coincide, such as where a wide, low 
plain is bordered by snow-capped mountains on one side, a desert 
or steppe formation results. Where there is a moisture and heat 
combination, forests flourish. Precipitation also has its effects. 
Rain clears the atmosphere, and hail sometimes seriously injures 
both plants and animals, while water va-por in the form of clouds 
prevents or retards the passage of radiant energy from the sun to 
the earth. 

Dew is most essential to many animals, particularly to in- 
habitants of arid regions. Many desert animals and plants could 
not survive without it, since it is their only source of moisture, and 
both the plants and animals of arid regions are modified structurally 
and physiologically for conserving it and for subsisting on a min- 
imum amount. Some of* them even have storage chambers in which 
immediate excesses are held for later use. Desert flowers are 
frequently capable of developing their processes beneath the ground 
to such an extent that when they do receive a little rain or a heavy 
dew, they bloom as if by magic. Sometimes the flower lives but a 
few hours; but in the short life span flowers of this type seem to 
accomplish their ends, and the species continue from generation 
to generation. The desert plants, as a whole, are remarkably 
adapted to living under conditions of extreme aridity. 

From the physiological standpoint of organisms themselves, 
water is absolutely necessary for respiration, circulation, excretion, 
nutrition, and temperature regulation. The bodies of animals are 
composed of from 40 to 90 per cent water. A physiological con- 
stancy of “body water is maintained, even at the expense of 
tissues when they are denied water and when the air surrounding 
them is dehydrated. 

Most aquatic animals and plants exhibit a definite set of char- 
acters, adapted to floating, swimming, breathing, and resisting 
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swift currents. The amphibious land animals have their external 
coverings and their appendages modified for a part-time aquatic 
existence. But the most important effects of water on land animals 
are related to humidity. Moisture is essential to insects and other 
animals which shed their external coverings from time to time and 
to amphibians which breathe partly through their skins. It is also 
necessary for hatching from eggs and for emerging from pupal 
cases. A severe drouth sometimes causes moths and butterflies to 
emerge with crippled wings, and it sometimes makes it impossible 
for cicadas and May beetles to enn^rge from their larval cases. 
Land crustaceans must have moistened gills for breathing; and 
these therefore cannot exist where the air is dry. Arthropods have 
external coverings which prevent a rapid loss of moisture by evap- 
oration through the body surface. In humid regions, such as in 
tropical rain forests, there is suffieient moisture in the atmosphere 
to prevent rapid evaporation. Consequently many water animals 
an^ able to invade land habitats; and the writer has found leeches, 
crabs, planarians, and water snails on land. Even fishes are able to 
migrate overland from one pond to another because the atmos- 
phere is saturated with moisture, and their gills do not dry off. The 
armored catfish of British Guiana leaves the water and wanders 
about ovTr the mud flats, even going to the edge of the jungle in 
search of food. This would not be possible in regions of low hu- 
midity. 

The effects of humidity upon biological processes are stressed by 
experiments which show that flour mites develop slowly when the 
moisture is reducc'd to 13 per cent, and they die wdien it is reduced 
to 12.2 per cent. Vinegar gnats, pomace flie\s, or fruit flics {Dro- 
sophilidac) require almost 100 per cent relative humidity, and the 
pupal periods of cereal moths are lengthened by high humidity, 
being 17 days at 100 per cent relative humidity and 12 days at 
22 per cent. Even the body form and size may be altered by 
humidity. Silkworms are kept in an atmosphere of high humidity 
to increase their size and the quantity of thread they produce. 

When the moisture decreases, most animals manifest definite 
responses. Certain protozoans encyst; some of the higher animals 
aestivate; while others have a reduced metabolic rate; some pond- 
inhabiting toads, frogs, and fishes in tropical regions form cocoons 
of mud in which they remain dormant during dry seasons. It 
««ems almost miraculous to walk through a dry jungle far away 
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from a stream and see ponds formed in depressions by a sudden 
heavy rain, and then to observe that these ponds have fishes 
swimming about in them; but the writer has had this experience 
time and again in the region between the Amazon and Orinoco 
Rivers. 

Soil water is also an important consideration. The water in the 
soil is of four kinds: (1) gravitational water which reaches the 
lowest possible level and which is sought for by well-digging cray- 
fishes; (2) free water which lies between the particles of soil and 
whose freezing point is —1.5° C.; (3) capillary water w^hich is the 
water absori ed by the soil particles and which freezes at — 4° C.; 
and (4) combined water, which does not freeze. Thes(' an^ all 
important to animals w4iich live underground; and their presence 
determines not only the animal species and population numbers, 
but they also affect the root growth of plants. Tiger beetles wnll 
not lay their eggs in soil where a high moisture content is not 
maintained. Insects are usually found in porous soil in which 
they can burrow and w^here they will not drow^n when heavy rains 
descend. The porosity of th(5 soil causes the excess w^ater to escape. 
Earthworms rise w’hen their burrows are flooded, and mwirly all 
ground inhabitants dig ch'oper in periods of drouth wduai the soil 
W'ater passes off at the surface. 

Vertical distribution of life in water. In deep lakes and oc('ans 
tluTc is a unique distribution of organic life. This distribution is 
det(?rmined by num(?roiis factors including dei>th, pressure*, t(*m- 
perature, and tlie amount of light. A liuge body of water is not a 
cesspool of living things in w hich all kinds of organic life li^'e in the 
same sphere of activity. Each species has its limit of frec'dom, and 
it is largely confined to a definite realm by the above-mentioned 
factors and by the existence of all powerful ad\'f‘rsaries which 
live in the realm next door to it. In other wwds, there is a definite 
horizontal and vertical stratification of domains. In th(*sc live 
organisms especially adapted to the conditions which obtain. 
Many of sense organisms are unable to adjust thcanselves to wide 
variations of the environmental conditions; and they are therefore 
confined to limited ranges, as are terrestrial forms. The pelagic 
fauna lives close to the surface where there is pltmty of light and 
available oxygen. Others live at varying depths where light and 
oxygen are less in quantity. Some live at the very bottom wdiere 
there is a total absence of light and w^here the pressure is tremen- 
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dous. Many of the animals in these various strata cannot invade 
the domains above and below, in which other associations are to be 
found. The animals at great depths arc adapted to high pressures 
and die when suddenly lifted to the surface. Many of these live 
entirely upon the (l(\scending bodies of animals that die in the 
upper strata, and many of tlum have; luminous organs to com- 
pensate for the absence of light. These deep-water animals live 
ontinJy in a horizontal area where the conditions are more or less 
constant and they cannot migrate vertically to the surface. On 
th(» other hand, the surface animals cannot descend to great 
distances because of the increased pressure and reduced tcmipera- 
ture. The majority of animals and plants are found at or near the 
surface where light and oxygen are abundant. There are very few 
forms at the })ottom of deep, fresh-water lakes. Phantom insect 
larvae {Corcthra) and certain sjoecies of midge fly larvae (Chiro^ 
nomidac) have lieen found at a depth of 600 feet. 

Particular ,.r specific adaptations to acpiatic existence are dis- 
cussed elsewhere. 

Air. The air with its life-sustaining oxygen is one of the most 
vital of (environmental factors. As a medium in w’hich organisms 
liv(‘, forag(», (\scap(?, and travel, th(‘ air i)resents to the student of 
nature a wonderful opportunity for inten-esting observations on 
structural adaptations and other biological phenomena. The air 
forms an envelope' 200 miles deep which encases the earth. It 
would be impossible for earth-dwelling organisms to survive at 
great lu'ights because? they could not (d)tain sufficient oxygen in the 
rarefied atmosphere even at a height of ten miles above the earth^s 
surface. 

The air was the last medium to be invaded by animals, and the 
truly a('rial kinds an? mostly de.scendants of arboreal ancestors. 
All of th(' aerial forms exhibit pnmouncc'd evidence's of convergent 
evolution, which is also discernible in aquatic animals. 

In considering air as an environmental factor, there are many 
phases of its properties and its influence on organic life to be care- 
fully analyzed. These phases include its movement, density, 
humidity, and chemical mak('up, as well as its effect on the difiFu- 
sion and transmission of light; its elastic properties which are 
responsible for sound transmission; its influence in equalizing 
temperature; its molar effects; the part it plays in oxygenating 
water; and its contribution to the dissemination of plant and 
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animal species. Added to these should be the general features of 
animals adapting them to an aerial existence; the modes of aerial 
locomotion; the production and function of sound; animal flight; 
the adaptations of fruits and seeds to wind distribution; the 
breathing mechanisms of plants and animals as well as the modifica- 
tions of the breathing apparatus in animals that live under water; 
the constancy of gaseous content and the properties of air at differ- 
ent altitudes. From the above, it is evident that air exerts a 
powerful influence on living organisms. Some of the phases men- 
tioned here warrant separate discussions, while others are too 
inclusive or involved for treatment here. However, since all of 
them are important in the ecological study of animals, it might be 
well to indicate some of the possibilities of any attempt to deter- 
mine the ways in which air does affect the form, structure, and 
behavior of animals. Plants are discussed in another section of this 
book. 

Convection currents are caused by the air becoming warmer at 
one place than at another. When these currents attain a high 
velocity, winds are produced. Tornadoes, hurricanes, and typhoons 
destroy plant and animal life in several ways. The overturning 
of trees and other plants not only results in their death but in the 
death or injury of numerous animals and other plants through 
mechanical injury. Trees that grow on ridges where winds an^ 
rather constant have their forms greatly modified because their 
branches grow in the .direction of the air current. Heavy winds 
produce storms on lakes and oceans, and these frequently deposit 
water animals high up on the shores, away from the water, where 
they die. Migrating birds are beaten down, blown up against trees 
and buildings, or driven off their courses. Sometimes they are 
blown far out to sea, by heavy winds, where countless numbers of 
them drown. On the other hand, the upward convection currents 
from the earth enable the broad-winged birds such as hawks, 
eagles, and vultures to remain aloft for hours by soaring. Strong 
winds frequently carry insects and other species of animals far 
out of their natural ranges; and while many of these are unable to 
survive in their new environment, they do sometimes thrive in 
their new locations; and their distribution is expanded. 

Encysted protozoans, spores of plants, ballooning spiders, 
winged and tufted seeds, and the eggs of many animals are dis- 
seminated by air currents. Because of its erosive effects, the air 
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modifies the topography of the earth’s surface by shifting sand 
dunes, wearing away rocks, and moving soil. Frequently a con- 
siderable amount of this material remains suspended in the at- 
mosphere to such an extent that it has a lethal effect on plant and 
animal life. Dust-laden atmosphere frequently impairs the health 
of animals and plants. This was illustrated by the violent dust 
storms of midwestern United States recently. 

It is well known that in addition to the oxygen -content of air 
there are also present carbon dioxide and other gases which are 
inimical to both plants and animals. Fortunately the utilization of 
carbon dioxide by plants and their release of free oxygen help to 
keep the normal gaseous content of the atmosphere fairly constant. 
However, factories, fires, and automobiles contribute sulphur 
dioxide, carbon monoxide, and other gases which certain forms of 
life cannot tolerate. Consequently many species of plants and 
animals are not to be found in industrial districts because they 
(*annot endure these vapors; or are repelled by them. 

The action of the winds on the surfaces of large bodies of water 
produces white-cap waves which cause much air to be dissolved 
in the water, and thus the water receives sufficient oxygen for the 
support of the plant and animal life inhabiting it. Waterfalls, 
ri])plos, and whirlpools arc also responsible for the high oxygen 
content of many streams. The water in running over rocks be- 
comes aerated. 

The density of the air is dependent upon altitude and tempera- 
ture. Some organisms, including humans, cannot live at high 
altitudes where the air is rarefied. The temperature has con- 
siderable to do with the amount of water vapor the air contains. 
The moHi water vapor in the air, the lighter it is. The amount of 
water vapor in the air or, in other words, its humidity, has much 
to do with plant and animal life in regions where extremes of 
conditions occur. 

The transmission of sound in air is affected by its humidity and 
density. Since sound and flight arc so extensively utilized by 
animals, they are separately discussed. 

The substratum. The substratum may be considered as the 
surface of the earth at or near which most animals live. Because 
of its material nature, the organisms which live on the ground or 
beneath its surface must be equipped for running about over it and. 
in many (‘ases, for burrowing into it. The substratum on which 
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terrestrial animals live may be rocky, sandy, or soft in texture. 
Parts of it are exposed to the sun and winds and are therefore dry; 
while other sections, such as the forest floor, may be shaded and 
moist. Some of the inhabitants of the substratum are permanently 
confined to it, while many species which normally live on or in the 
ground are capable of jumping for considerable distances or for 
making very short flights in order to escape from and confuses 
pursuers. A few of them can ascend trees for food and to reach a 
haven of safety. A number of animals are nomadic and roam about 
seeking food; while there is a host of species which make homes on 
or below the surface of the ground, and they do not wander far 
afield. Some of the wandering species make nests only during the 
breeding season. Some ground species construct traps such as 

sand pits or webs in whicfh they lie in 



wait for hapless victims. A few of the 
terrestrial animals merely utilize logs. 




chips, plants, leaves, and stones, Uiider 
which they crawl for protection. These 


Fig. 4. The western pocket 
gopher. Note the prominent 
incisors, characteristic of ro- 
dents, and the digging front 
feet. After a painting by 


seldom construct homes, although many 
of them seek crevices, hollow logs, and 
caves in which to escape pursuers, to 
spend the winter, or in which to rear 


E. T. Seton, Courtesy Diol. their young. 

Surv., U. S. Dept. Agric. animals of the substratum con- 


sist of two groups: (1) the terrestrial, and (2) the subt('rrancen. 
Among them are foxes, wolves, coyotes, gophers, ground squirrels, 
pikas, moles, rabbits, skunks, rats, mice, chipmunks, groundhogs, 
shrews, bears, deer, weasels, and a host of other mammals through- 
out the world. Among the lower animals to be found on or in the 
substratum are millipedes, centipedes, [rill bugs (isopods), lanri 
crabs, well-digging crayfishes, wolf spiders, grass spiders, and other 
kinds of arachnids; ground beetles, tiger beetles, tumble bugs or 
dung beetles, carrion beetles. May beetle and cicada lar^^ae, and a 
host of other beetle adults and larvae; ants; sphinx moths and sonu? 
arctiid moths; bugs; cockroaches; crickets, grasshoppers, and moh^ 
crierkets; collembolans; thysanurans; digger wasps, social wasps, 
bumble bees; earwigs; larvae and pupae of flies. To these must 
be added numerous birds sii(;h as grouse, quail, wild turkeys, plover, 
meadow larks, and a great many sjx'cies which build their nests on 
the ground and others which comuj to the substratum to fec^d 
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(robins, flickers, starlings, magpies, sparrows, etc.) — also salaman- 
ders (including land forms of Triturus), toads, grass frogs, snakes, 
lizards, turtles, round worms, segmented w^orms, land snails, 
slugs, and too many others to list here. Some of those remain 
beneath the surface of the ground all of the time, while others 
only visit the surface periodically. Some of them are active in the 
daytime, but there is a large minil^er that go about only at night. 

A scrutiny of this terrestrial horde reveals a variety of structural 
adaptat ions of a unique character. Combined with thes(j are some in- 
teresting behaviorisms, defenses, f(M'ding habits, architecture of nests, 
as well as friendly and antagonistic relationships and associations. 

In th(‘ first placc^ th(^ means of locomotion on the substratum 
involve creeping, crawling, jumping, running, flipping, and snap- 
ping. Th(\se methods of moving about require si)ecialized struc- 
tural processes. Of course, crawling, jumi)ing, and running are 
effected by legs; but the runners usually hav^e long, slender legs 
of even lengtl*, »vhile the jumpers hav(‘ large', elongated, W('lb 
developed hind h'gs as a rule. An examination of the k'gs of deer, 
foxes, wolf spid(*rs, cockroaches, ground beetles, and the other 
runners in the list of animals inclvided h('re will reveal the running 
type of legs. The earthworm may be considered as a typi(*al 
creepc'r. It moves by contracting and extending its body, and the 
biistk'-liko setae hold the anterior end of the body on the rough 
substratum while the post(*rior (nid is drawn fonvard. Many 
caterpillars hav(^ fleshy i)rolegs on the anterior and posterior ends 
of their bodies for cree[)ing. The hind legs of the jumpers such as 
crickets, grasshopj^ers, and katydkls, rabbits, kangaroos, and 
jumping mice ani much longer and stouter than the others. How- 
ever, tli('. elongated hind legs of the grasshopper and the katydid 
serve a mon' useful purpose' than jum])ing. They are used to sup- 
port the body when the inse'cts are standing on vertical or almost 
vertical stems of grasses, while the elongated hind legs of the skein 
centipe'de serxe in the capacity of caudal feelers. By means of 
these enlarged hind legs some of these animals are able to jump, 
often to consid('rable distances. Some of the spkk'rs are also able 
to jump, and tlu' s])ii!ig tails (coUcmbolans) have a bristle-like 
spring attached to the underside of the abdomen and extending 
ventrally forward. By means of this apparatus the collembola can 
leap for as much as six inches. These tiny, whitish insects are 
easily observed on the surfaces of still ponds to which they are 



74 


THE LIVING WORLD 


often accidentally transported. The long, spindly legs of walking 
sticks are ambulatory and are not adapted to running or jumping; 
hence the locomotion is crawling and slow. The locomotion of 
centipedes and millipedes is also crawling. 

The click beetles {Elateridae)^ as has been stated, rub the poste- 
rior margin of the prosternum against the anterior margin of the 
mesosternum by a sudden movement of the head, and this results 
in a snapping which produces a clicking noise. When the click 
beetle senses danger, it throws its body by this snapping (Fig. 128). 
Some fly Isrvae which the author observed in British Guiana 
could loop their bodies and then so quickly unbend as to flip their 
bodies for several inches. The mysterious “Mexican jumping 
bean’^ jumps when warmed, and the movement is effected by the 
loo[)ing of a legless moth larva within the seed. 

Snails and slugs appear to move about on their “stomachs'^ by 
wave-like movements of ventral muscles. Snakes have numerous 
ribs, and the muscular attachments of these and the ventral scales 
effect locomotion by wave-like contraction. Many of the birds 
such as sparrows and robins hop about; while plover, killdeer, 
blackbirds, quail, pheasants, and numerous others walk about. 
Some of these birds such as pheasants, road runners, sandpipers, 
ostriches, etc., can rapidly outrun most of their enemies. The 
loon is so specialized for an aquatic life that it is almost helpless on 
land ; and it usually cannot take to flight unless it is on the water. 
Penguins use their flightless, paddle-like wings as legs when they 
are pressed by th(‘ir pursuers on land. The sora rail has a spur on 
each wing to h(*lp it run at a greater speed through reeds and 
rushes. Monkeys usually run on all four legs although they can 
run on their hind legs for some distances. They use aJl legs in 
climbing. The anthropoid apes travel mostly on their hind legs, 
but they must a.ssist th(TOselves along on the ground by occa- 
sionally using th(*ir closed fists as front feet. The running mammals 
may be (1) digitigrcuiCy that is, running on their toes as do dogs and 
cats; (2) plantigrade like the bear, which is flatfooted and therefore 
walks on its sole; or (3) unguligrcule like? the hors(i. Some of 
them which ar(‘ not fast runiKirs have soft pads on theur f(?et so 
that they may noiselessly approach their victims, while the horse, 
bison, and zebra, which roam in open country litten^d with stones, 
have hoofs for protection. As a ruk*, the hooh^d animals are swift 
runners; but they make considerable noise in their progress. 
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The bodies of those animals which crawl under bark chips and 
stones are usually more flattened than those which do not. A 
comparison of a cricket and a grasshopper will demonstrate this. 
It will be seen that the flattened body of the cricket is well adapted 
to crawling under stones where it is frequently found. The deep, 
angular body of the grasshopper and the upward-extending joints 
of the long hind legs would make it almost impossible to live as a 
cricket does. 

The legs of the truly subterranean animals are generally short, 
and the front feet are usually modified for digging. Long legs 
would make it necessary for these animals to have large entrances 
and tunnels, which would be disadvantageous; for not only would 
their homes be conspicuous, but many large and powerful enemies 
could pursue them into their dens. The bodies of mammalian and 
reptilian subterranean dwellers are elongated. This makes it 
possible for them to have sharp bends in their underground tun- 
nels, and tb"' tl.ick-bodied enemies which might be able to get 
through the entrances could not get around thi) sharp curves in 
their runways. On moles, cicada nymphs, tumble beetles, and mole 
crickets, particularly, the front feet arc vastly different from the 
middle and hind f('et, being broad and spade-like and turned to a 
convenient angle for digging. Groundhogs, ground squirrels, 
goph(Ts, and other truly burrowing animals use their claws in 
digging. Usually the subt(*rran('an insects lack long antennae and 
other structures which would be impedimenta. 

In (!onsi(lering the subterranean animals there are really three 
distinct grou]is. There an^ those which dig only for shelter such 
as chii)munks, groundhogs, bank swallows, snakes (hog-nosed 
snake), toads, lemmings, meadow mice, gophers, ground squirrels, 
wasps, spid(Ts, ants, and tlu' lik(\ Thrai tluTc is a group which 
(.ligs primarily for food. This includes skunks, armadillos, aiit- 
eat(Ts, opossums, and raccoons. Another group, which includes 
worms, termites, insect larvae of many kinds, and moles, digs 
both for shelt(T and for food. Dung la'ctles, sexton beetles {Ne- 
crophorus)y tiger Ix'etles, .s])hinx moths, digger wasps, and rabbits 
make burrows only for breeding purposes. For instance, the eggs 
‘of dung l)(»etles and sexton beetles are laid on or in material placed 
in burrows. The sphinx moths pass their pupal periods in the 
ground and do not spin cocoons. Rabbits make nests in which 
to conceive their young. Quite a number of insects spend only a 
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part of their lives in the ground. The animals which have their 
domiciles underground, such as ants, groundhogs, etc., come to 
the surface for food; and when the soil is not rich in humus, earth- 
worms come out at night and drag leaves into their burrows. 
Meadow mice, gophers, ground squirrc'ls, and groundhogs seldom 
venture far from home because their short k'gs make it impossible 
for them to run fast; and if they wander too far, a swift pursuer 
might overtake them before they could reach the saf()ty of their 
subterranean homes. The meadow mouse, chixmunk, and ground- 
hog have some interesting habits explained in the discussion of 
mammals. While foxes, weasels and shrews, most snakes, and 
many spiders use underground passages, they are not truly sub- 
terranean animals. They utilize ready-made excavations as a 
rule. 

The animals which actually construct homes on the substratum 
include birds, many of which make elaborate nests in which a 
great variety of mat(?rials are used; and which differ greatly in 
form and structure. Termites sometimes make runways over the 
surface of the ground, while ants build mounds of sand and debris. 
Tropical species sometimes construct huge and high nests of 
earth, chewed material, sticks, and leaves. Some so(;ial wasi)s 
attach their papier inachd nests under overhanging banks. 

The architecture of the nests of animals includes the inatcTials 
used, the methods of construction, and the external and internal 
plans of the abodes. . It would not be possible to describe a great 
number of them in detail here, but the types of honi(\s of many 
animals are described in connection with the discussions of the 
various animal groups. 

The animals of the substratum exhibit many interesting color 
features, complex life histories, defensive structures, social habits, 
and ‘‘predator and prey'' relationships. Many of them such as 
certain birds, migrate to the Southland during winter; others 
remain active all year round; and a great number of them hiber- 
nate in the ground during unfavorable periods. 

Gravity. Gravity is the one unalterable and universal environ- 
mental factor. One of its most important effects is the pressure 
produced by it in wat(jr, although atmospheric pressure also has 
its influence upon the lives of organisms. 

Animals that are adapted to particular pressures c^annot, as a 
rule, withstand sudden changes. Deep-sea forms usually die, and 
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some of them even explode when they are hastily brought to the 
surface. This is because they have internal pressures which are 
adapted to maintaining an equilibrium with the external pressure 
at great depths; and when they are lifted to the surface where 
the external pressure is considerably Ic'ss, the condition of equilib- 
rium is d(istroycd, and the internal pressure kills them. It is sug- 
gested elsewhere that oceanic faunas an* distinctly stratified by 
the pressures at different depths, and the organisms inhabiting 
one stratum cannot invade the strata above and below the one 
to which they are especially adapted. Aeronauts and deep-sea 
divers sometimes bleed through the surfaces of their bodies be- 
cause of the abnormal pressures to which they are suddenly 
exposed. Some persons become greatly and easily fatigued on 
high mountains where the atmospheric pressure is considerably 
less than that to which they arc ordinarily exposed. Alany people 
have nose bleed at high altitudes, and everyone breathes much 
faster becaiisr the rare atmosphere. 

Sin(!(* the pull of gra\nty gr(»atly affects pressure, diving birds 
are built on a i)laii that is most effici(*nt for submerging. Gravity 
holds animals to the surface of the (*arth; therefore those animals 
which rise above the earth such as flying birds must be esp(‘cially 
constructc'd for overcoming tin* pull of gravity. Hence they an* 
uniciue in having Inioyant bones and feathers, and they must be 
equipped with pro])(*lling apparatus that will kee]) th(*m aloft. 
Most of these* animals have* light but l)ulky l)odies. Thus gravity 
ex(*rts an influence on tlu^ sizes and shapes of animals. To remain 
aloft, both imssively and activ(*ly flying animals must ha\ a large 
surface* exi)OS(*d to the material atmosphere. 

\Vat('r animals have fatty tissues with myriads of air pockets 
(blublx'r); ])l(‘iity of grease or oily mat(*rial; gaseous i)ockets; and 
extensions of llu* Ixxly such as spines; all of which help to keep 
them afloat. The sliajx* of the body, such as the bell and helmet 
shape, is also a physical factor in enabling animals to prevent 
themsel\'(\s from sinking. Of course swimming apparatus makes 
it possibles for many animals to vertically migrate in water just 
as wings enable birds to rise above the land. The dorso-ventral 
and anterior-posterior symmetry of animals are adaptations to 
gravitational force. The land and water animals which lack pro- 
pulsion and floating devices are held to the surface of the earth 
or to the bottom of the ocean, lake, or pond. Sea anemones, 
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sponges, starfishes, and numerous other oceanic forms are either 
sessile or crawl about over the substratum. Plants and numerous 
land animals are held in contact with the substratum because 
they lack all structures which w'ould enable them to overcome 
gravity. 

Altitude. Altitude is closely associated with pressure, although 
temperature also regulates to a degree the altitudinal distribu- 



Fig. 5. External parasites. A. Dog flea {Ctenocephalus cams); B. Human 
flea {Pxdez irritans); C. Human crab louse (Phtherius inguinalis); D. Bucking 
dog louse (Ilaerrmlopinus piliferous). A., B., courtesy U. S. Dept. Agric.; 
C., D., after Kellogg, American Insects^ courtesy Henry Holt and Co. 

tion of living things. Since many organisms are sensitive to pres- 
sure differences, there are those which are confined to highlands 
while others are t3rpically inhabitants of low regions. One im- 
portant observation the field student should not overlook is the 
matter of distribution. When warm regions have high mountains, 
the mountain tops provide a condition similar to northern lati- 
tudes; and on these mountains animals that are characteristically 
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northern may be found. Since the mountains of North America 
extend virtually north and south, the mountain ridges provide 
highways for the southward migration of northern forms, both 
plant and animal. Therefore the lowland fauna and flora arc dif- 
ferent from the mountainous fauna and flora. In Pennsylvania, 
for instance, the mountains which extend southward through the 
central part of the state harbor animals which are normally char- 
acteristic of the Canadian life zone, while the counties on either 
side of the mountains usually have a more southerly fauna. Cer- 
tain Papilio butterflies (Parnassius) are found only above 6000 
feet, and they have a discontinuous distribution throughout the 
world. They are found on the high peaks of the Rockies, Alps, 
Andes, Himalayas, and the other high mountains. Strangely, they 
are quite similar in coloration in all of these regions. In fact, they 
arc so similar that anyone can recognize a Parnassius no matter 
whence it came, and only experts can distinguish among them. 

The distribution on a mountain side is always unique, with 
certain spe(;ies occurring at given altitudes and rather definitely 
confined to them. The distribution of plants is quite obvious with 
a progressive distribution of species to the timber line, above 
which only a few species of small herbaceous plants occur. Tem- 
perature which affects growing seasons is probably the principal 
factor in this distribution. In the cases of many animals the rate 
of respiration, chemical alterations in the blood, and increased 
haemoglobin are combined with temperature in effecting the 
succession of life on a mountain side. The inaccessibility of the 
high mountains offers a haven of safety for many animals, and 
this may be partly responsible for altitudinal distribution. 

Pauasites and Pauasitism 

Among the many interrelationships of animals, parasitism is 
probably the most extensive. It has been estimated that more 
than one-half of all living organisms lead a parasitic existence. 
Parasitism soon becomes evident to the student of field biology, 
but too often he overlooks opportunities for some interesting 
observations on the processes of specialization. As a rule, the 
parasites on plants are more obvious than those on animals, but 
even a cursory examination of a beetle, bird, or mammal will 
reveal some curious creatures that obtain their sustenance to the 
detriment of others. 
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A parasitic association is one in which one member of the asso- 
ciation lives at the expense of the other. Only one member is a 
willing member and only one profits. The unwilling member is 
usually termed the host; and nearly every organism, plant and 
animal, is a host to one or many parasites. 

Parasites may be (Massed in several ways. They may be tem- 
porary or pcirmanent; facultative or obligatory; (jxternal or inter- 



Fig. 0 . Ticks and mites. A. and B. Ticks {Argasidae)\ C. Tick (Lxodidae) ; 
D. Water mite {Hydrachnidae); E. Follicle mite {Deniodescidae). After 
Brumpt from Hegncr, Invertebrate Zoology, The Macmillan Coini)any. 


nal. Temporary parasites, or partial parasites as they are some- 
times called, are those which are parasitic during only a portion 
of their lives. Ichneumon flies (Fig. 8), warble flies, and braconid 
wasps (Fig. 9) which lay their eggs in the bodies of other animals 
(Fig. 7) and which undergo their development there, usually 
finally emerging as free-living adults, are temporary parasites. 
Flesh flies, horse flies, fleas (Fig. 5), mites, ticks (Fig. 6), mos- 
quitoes, leeches, larval mussels (Fig. 45), and oth(*r animals which 
spend only a portion of their time on or in the bodies of other 
animals are, in reality, temporary parasites. 
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Permanent parasites are those which usually do not have a free- 
Kving stage. These depend upon one or more hosts during their 
entire lives. Most of this type are found among the lower groups 
of animals, notably the worms. 

Facultative parasites arc those which may change hosts or 
select different hosts for obtaining their sustenance. Many of 
these arc capable of living independently if occasion demands. 



Fig. 7. Cocoons of the parasitic wasp, Apanteles congregatus {Braconidae) 
on a tobacco sphinx moth caterpillar. IVoin U. S. Dept. Agric., Circ. 346. 

Obligatory or compulsory parasites are those which are more or 
l('ss specialized for one kind of host animal although some of them 
may have a succession of host animals in their different stages of 
development. Obligatory ])aravsites cannot live a free life at any 
stage. 'Fhe liver fluke, for instanci', requires a snail and a verte- 
brate, usually a sheep, to compl(‘t(' its life history and from which 
to secure a livelihood in all of its stages. Many tapewo^ us have 
int(‘rmediate or alternate hosts in addition to their final host. 
The intermediate hosts of some tapeworms which infest higher 
animals iiudiide insects, fishes, and crustaceans. The liver fluke, 
tapinvorms, and many fly larvae an* internal parasites. 

External parasit(*s an^ those which usually command the atten- 
tion of the naturalist because lu* finds so many parasites on the 
specimens which he collects. Every grasshoppi'r and almost e\'ery 
beetle and oth(*r insect is inlesti'd with tiny, red mites. Tlit'v are 
usually under the wings of grasshoppers, but they may be found 
all ov(T the body of the beetle. 

Between the abdominal si'gments of waeps there occasionally 
oc(*urs a single, curious para.site known as strepsiptera which bears 
a superficial resemblance to a small beetle. On birds there are 
biting lice (Mallophdga) and mites. Bats soim^times are infested 
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with mites, lice, or hippoboscid flies. The sheep tick (Melophagits 
ovinits — diptera) which is sometimes injurious to the wool on a 
sheep is a fly, although it does resemble a tick. There are also 
lice, mites, and ticks on the bodies of sheep; and the botfly lays 
its eggs in the nostrils. The larvae sometimes enter the brain and 
produce the well-known condition called ''gid” or ‘^staggers'’ 
in sheep. 

Fleas are found on dogs, cats, rats, rabbits, and squirrels; and 
these animals also have lice, mites, and ticks occasionally. The 
sticktight flea causes considerable damage to domestic poultry. 

It is usually on the head around 
the eyes. The beaver has an un- 
usual beetle parasite {PlcUypsyllus 
castoris) which is thought to be 
the only parasitic beetle in the 
world. Other mammals also have 
lice, mites, ticks, and fleas quite 
frequently. Humans have head 
lice (Pediculus capitis) ^ body lice 
{Pediculus corporis) , and crab lice 
{Phthirius pubis) (Fig. 5). They 
are also susceptible to fleas, 
leeches, mosquitoes, flies, mites, 
and ticks. Harvest mites, itch 
mites, chiggoes or chiggers, and 
the little red mite {bete rouge) 
which burrows beneath the skin 
are common, irritating parasites 
on human beings. The follicle mites {Deniodex folliculorum) which 
live in the hair follicles are also common, especially in the region 
of the nose. Of course there are numerous internal parasites as 
well. 

The botflies or warble flies (Oestridae) comprise those which 
^ay eggs on the hairs of horses and cattle. The eggs are sometimes 
licked off and pass into the oesophagus where they hatch. The 
larvae finally reach the subcutaneous tissue on the back, forming 
small lumps or tumors which are often seen on these animals. 
When larval development is completed, they leave the body 
through openings which' they make in the hide. The emerging of 
these insects reduc(\s the value of the skin for commercial purposes. 



Fig. 8. An ichneumon Wasp lay- 
ing eggs in the cocoon of the apple 
tent caterpillar. Courtesy Bur. Ent., 
U. S. Dept. Agric. 
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The fishes have “lice” on their bodies (carp louse) and other 
copepod (Crustacea) parasites on their gills. They also have 
larval mussels (gloehidia) on their gills and body surface (Fig. 46). 
The lake and stream fishes may also have lampreys attached to 
them; and leeches are common parasites on many species. 

Lcech(\s, lampreys, the biting flies, and mosquitoes may be 
considered as facultative, temporary ectoparasites. Snakes and 
lizards frequently have mites between the scales, particularly 
in the region of the head. Toads often have wood ticks on th(»ir 
bodies, usually attached to their hind legs. 

Th(i smaller ecto])arasit('s can be found by examining the hair, 
feathers, and scales of birds, mammals, and reptiles with a hand 
lens. All orange stick makes a good collecting instrument. Most 
of the parasites are too small to be handled with forceps; and by 
moistening the end of the orange stick, the small parasites can 
be picked up. They should all be killed in hot water and then 
transferred .. . uitable preserving fluid. They can be examined 
microscopically by placing them on glass slides. The remarkable 
modifications of the body shape, legs, and mouth parts of these 
parasites are well worth observing. The extensity of parasitism 
and the adaptive features of the parasites themselves, togetluT 
with the fact that no other kinds of organisms are so intimately 
connected with the lives of all plants and animals including hu- 
mans, ('('rtainly make the study of them well worth inclusion in 
every general course in biology. The field aspects of parasitism 
should not be overlooked by the student of natural history. The 
effects of parasites on the lives of the organisms he st» ies are 
diverse and well worth knowing. As a rule, parasites do not kill 
their hosts. For them to do so would remove their sour^^e of liveli- 
hood. However, they wc'aken their hosts and make them susc('p- 
tible to diseases and otluT conditions which often result in death. 
The behavior of th(' host animal is usually affected by a serious 
inf ('station of })arasites. In n^cent yc'ars, the backward child or 
the r(\stl(\ss, disturbing youngster in school is no longer placed on 
a dunce stool or thraslu'd for his delinquencies. He is oft('n the 
victim of a tapeworm which is sapping his vitality and making 
him mentally and physically lethargic. Or if he is the fidgety 
type, he may have head lice, body lice, or some other irritating 
kind of parasite which is responsible for his restlessness. Parasitic 
infestation wlien severe or e'xtended, sometimc's produces sterility 
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Fig. 9. A braconid wasp 
{Lysiphlehiis testaceipes) de- 
positing an egg in an aphid. 
Courtesy Bur. Ent., U. S. 
Dept. Agric. 


or decreased fecundity. It may affect the colors of animals, and 
it has undoubtedly caused the total extinction of numerous species 
of organisms. 

The life histories of parasites, particularly those which affect 
humans, and the possible sources of infestation such as through 
infected pork {Trichina) and other meats, fish {Bothriocephalua) ^ 
meal worms (lepidoptcrous and beetle larvae), fleas {Dipilydium 
caninum)y dirty hands (eggs of various kinds of tapeworms), 
unsanitary living quarters (fleas, lice, ringworms), improper dis- 
posal of wastes (hookworm), and a host 
of others should also be a part of the 
study of nature. 

After all, meat inspection and re- 
frigeration, pure food laws, mosciuito 
control, sanitary sewage disposal, sani- 
tary food marketing, i^astcurizatioii of 
milk, hygienic housing projects, tuber- 
culin testing of dairy herds, government 
quarantines of all kinds, government 
control over the manufacture and sale of bedding materials, and a 
great many other important processes are designed to guard the j^er- 
son and effects of human beings against various parasitic organisms. 

There are also hyperparasites which are parasitic upon jiara- 
sites. In fact the tendency of all living organisms to get something 
for nothing has resulted in an endless chain of responsibility. 

Many plants have also developed parasitic habits, and among 
our common forms there are numerous species which obtain their 
sustenance from others. The epiphytic mistletoe and dodder; 
rusts of many kinds such as wheat rust; blights such as the chest- 
nut blight and the white pine blister disease; diseasii-producing 
bacilli such as those of typhoid, diphtheria, and tuberculosis; 
ringworm; and numerous others are true parasitic plants. 

While numerous animals such as mites, bugs, plant lice, beetles, 
and myriads of others are parasitic on plants, the animals them- 
selves are susceptible to fungus diseases which are often fatal. 

Parasitism always implies degeneracy. It is invariably accom- 
panied by the loss of processes such as locomotor ability, by alter- 
ations of structures, by degeneration of the sensory apparatus, 
and usually by a specialization of alimentary processes. It illus- 
trates the highest degree of specialization, and it demonstrates 
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the dangers of overspecialization as well. The biology of parasitism 
should be a warning to humans who would likewise degenerate 
through living at the expense of others. Every Naturalist and 
Sociologist should be familiar with the principles of parasitism. 

Symbiosis 

Symbiosis may be defined as “the living togc^ther of different 
species for mutual benefit.*' There are usually only two species 
concerned althougli it sometimes happens that several species 
live amicably together, and their activities are mutually beneficial. 
The rn(mil)ers of the association arci called symbionts. 

A striking example of symbiosis and one which can be observed 
almost anywh('re during the warmer months is the relation between 
ants and ajihids or plant lice. You have probably noticed ants 
scurrying about, gently carrying iilant lice which they transport 
to the s])(H*ies of plant to which the aphid is partial. In fact, the 
ants may ;;aT,i.. . plant lic(' from your ncaghbor's garden and place 
them on th<' golden glow in your own yard. The ants nurture 
s('veral species of aphids, carefully atbauling them and removing 
them to fn'sh plants if the plants on which tliey have been herd(‘(l 
wilt. In the fall the eggs of the plant lic(' are carrhal down into 
th(' iH'sts of the ants Ix'Iow tlu' fro.st line, and th(^y are brought up 
again in the spring. Tlu^ eggs or young are always placed on the 
sam(' kind of ])lant from which they were taken. In exercising a 
prot(H*torat(' over plant lic(‘, the ants an; not manifesting any 
l)articular altruism. In reality tin; plant lice emit drops ''f a sweet 
liquid calk'd honey dew which the ants like'. The ants oke the; 
aphids with their ant(*nnae to stimulate discharge of the secretion. 
For this reason the aphids are sometimes called “ant cows." In 
n'turn for the honey dew the aphids receive the ]irot('ction of the 
ants, and thus both s])ecies benefit. A similar relationship exi.^ts 
bc'tween ants and coccids, or mealy worms. The corn root lice 
an; frt'quently destnictive because they are assembled in groat 
numbers on the roots of corn by ants. 

There are many cases of symbiosis in nature. In Eugk'iia the 
chlorophyll in the; chloroplasts manufactures foodstuffs for the 
organism; and in return the plant material receives nourishment 
in th(; form of carbon dioxide and animal waste products. A similar 
relationship exists betwec'ii hydra and algae. Such relationships 
between plants and animals are found in other protozoans, and 
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in coelenterates, ctcnophores, turbellarians, annelids, rotifers, 
bryozoans, echinodcrms, mollusks, and insects. One worm {Con- 
voluta roscoffensis) ingests algae when in the larval stage and 
thereafter never feeds. This worm lives in the sand on the shores 
of the Pacific Ocean; and when the tide is out, the worm emerges 
from the sand and remains exposed to the light for some time. 
The light acting upon the chlorophyll stimulates photosynthesis, 
and the animal subsists on the products. In return, the algae 
derive nutriment from the body of the animal. The pollination of 
flowers by in jects is a common example of symbiosis. The insects 
obtain nectar, and in return they transport pollen from one plant 
to another. Snail shells are frequently covered with algae which 

render the snails inconspicuous; 
and although the snail devours 
some of the algae at times, the 
plants are transported from place 
to place. 

The bodies of many animals 
contain bacteria and other fungi 
which live symbiotically with 
their hosts. There are numerous 
examples of symbiotic associa- 
tions in which one organism lives 
within the body of another. 
Among the most astonishing of 
these are the beneficial relation- 
ships between microscopic flagel- 
late protozoans found in the 
alimentary tract of termites, and their hosts. Cleveland has shown 
that these protozoans are necessary in order that the termites can 
digest the wood which they cat. However, we are concerned prima- 
rily with those examples which can be observed in the field. 

The relationship between the Pronuba moth and the yucca 
plant is one of the most highly specialized symbiotic associations 
between plants and animals. The moth is the only animal that 
can effect the fertilization of the plant, and the plant is the only 
one that the moth can live in. The details of this relationship are 
given later. On the other hand, the pollination of red clover by 
the bumble bee is almost as striking and the bee is almost as 
necessary for the survival of the clover as the moth is to yucca. 



Fig. 10. Symbiosis. A. One insect 
being freed of mites by another in- 
sect; H. An ant feeding a beetle. After 
Wasmann from Wheeler. 
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In ant nests there are sometimes small claviger beetles which 
are proteet(?d by the ants. In fact they are even fed mouth to 
mouth, and ofttimes they are transported from place to place by 
the ants. In return the beetles produce a liquid that the ants 
relish. In other cases the guests in the ant nest act as scavengers 
and thereby keep the nest clean in return for the food which they 
obtain from the ants. 

One hermit crab which is an inhabitant of the ocean places a 
sea anemone on its shell, and the stinging hairs discharged by the 
anemone serve to protect the crab and even obtain food for it. 
In return the anemone is carried about, and it is therefore con- 
stantly moved to new feeding grounds. In addition it receives 
left-overs from the crab\s meals. 

There are instances in which small fishes with adhesive discs 
on their heads attach thomsedves to sharks from whose bodies 
they take ectoparasites. The sharks are therefore relieved of 
annoying d The small fishes arc carried about by the sharks, 
which do not molest them; and other fishes which would ordinarily 
devour them steer clear of the sharks. Thus there is a mutual 
benefit derived by the members of the association. The cowbird 
follows cattle; and as the feet of the cattle are planted the insects 
take to flight, thus revealing themselves to the bird. The bird 
also rests upon the back of cattle and feeds upon flies which 
alight there. Both the birds and cattle profit by this association. 
The crocodile bird of Africa renders a unique service to the croco- 
dile in return for its diet. The crocodile burying its food in the 
mud gets leeches into its mouth. The leeches attach themselves 
to the inside of the jaAvs. The crocodile then goes to tiie shore, 
opens its mouth, and while the jaws arc held open the bird enters 
and feeds upon the attached leeches. 

Symbiosis is probably more exten.sive than we suspect, and the 
interspecific relations of animals should be carefully noted in 
order to determine their significance. 

BIBLIOGRAPHY 

Influence of Environment (Ecology) 

Adams, C. C., Guide to the Study of Animal Ecology. Macmillan, 1913. 
, An Ecological Study of Prairie and Forest Invertebrates, Bull. 111. 

State Lab. Nat. Hist., Vol. XI, Art. Il, 1915. 



88 


THE LIVING WORLD 


Adolph, E. F., Regulation of Size as Illustrated bij Unicellular Organisms, 
C. C. Thomas, 1930. 

Allard, H. A., “Remarkable Musical Technique of the Larger Angular- 
Winged Katydid,’’ Science^ Vol. 67, 1928, p. 613. 

Blake, I. H., A Com'parison of the Animal Comiminities of Coniferous and 
Deciduous Forests, 111. Biol. Mon., Vol. 10, No. 4, 1927. 

Borradaille, The Animal and Its Environment, Henry Frowde, London, 
1923. 

Buxton, P. A., Animal Life in Deserts: A Study of the Fauna in Relation 
to the Environment, Edward Arnold and Co., 1923. 

Chapman, R. N., Animal Ecology, McGraw-Hill, 1931. 

Clements, F. 11., Research Methods in Ecology, Univ. Pub. Co., Lincoln, 
Neb., 1905. 

Crawford, S. C., Nocturnal Adaptations, Proc. Pa. Acad. 8ci., Vol. 5, 1931. 

, “The Habits and Characteristics of Nocturnal Animals,^’ Quart 

Rev, Biol,, Vol. 9, No. 2, 1934. 

Dahlgren, U., Production of Light by Animals, Jour. Frank. Inst., 1917. 

Davenport, C. B., Experimental Morphology, Macmillan, 1899. 

Elton, Charles S., Animal Ecology, Sedgwick and Jackson, London, 1927. 

, Animal Ecology and Evolution, H. Milford, London, 1930. 

, The Ecology of Animals, Methuen Co., London, 1933. 

Folsom, J. W., and Wardle, R. A., Entomology with Special Reference to 
Its Ecological Aspects, Blakiston, 1934. 

Gadow, Hans, The Wanderings of Animals, Cambridge Univ. Press, 1913. 

Guyer, M. F., Animal Biology, Harper, 1931. 

Hart, C. A., and Gleason, H. A., Biology of the Sand Areas of Illinois, 
Bull. III. State Lab. Nat. Hist., Vol. 8, 1907. 

Harvey, F. N., The Nature of Animal Light, Lippincott, 1920. 

Henderson, L. J., The Fitness of the Environment, Macmillan, 1913. 

Kingston, R. W. G., Instinct and Intelligence, Macmillan, 1929. 

Holmes, S. J., The Evolution of Animal Intelligence, Henry Holt, 1911. 

Howard, S. F., “Synchronous Flashing of Fireflies,” Science, Vol. 70, 
1929, p. 556. 

Keeble, F., PlantrAnimals: A Study in Symbiosis, Cambridge Univ. 
Press, 1912. 

Lubbock, Sir John, The Senses, Instincts, and Intelligence of Animals, 
Appleton, 1888. 

Lull, R. S., Organic Evolution, Macmillan, 1929. 

Lydekker, R., A Geographical History of Animals, Cambridge Univ. Press, 
1896. 

MacDougall, W. B., Plant Ecology, Lea and Febiger, 1931. 

Mast, S. O., Light and the Behavior of Organisms, John Wiley and Sons, 
1911. 



THE INFLUENCES OF THE ENVIRONMENT 89 

Mast, S. O., “Behavior of Fireflies with Special Reference to tlie Problem 
of Orientation,'' Jour, Anirn, Bekciv.^ Vol. 2, 1912, pp. 250-272. 

McDermott, F. A., Recent Advances in Our Knowledge of the Produc- 
tion of Light in Living Organisms. Kept. Smithson. Inst, for 1911, 
pp. 845-362. 

Newl)ingin, Marion, Animal Geography. Oxford Univ. Press, 1913. 

Pearse, A. S., Animal Ecology. McGraw-Hill, 1926. 

, Envinrnment and Life. C. C. Thomas, 1980. 

Scott, W. B., History of the Land Mammals of the Western Hemisphere. 
Macmillan, 1913. 

Shelford, V. E., Animal Communities in Temperate America, Univ. 
Chicago Press, 1913. 

, Laboratory and Field Ecology. Williams and Wilkins, 1929. 

, Naturalist's Guide to the Americas. Williams and Wilkins, 1926. 

Shull, A. F., Principles of Animal Biology. McGraw-Hill, 1934. 

Viosca, Percy, Jr., An Ecological Study of the Cold-Blooded Vertebrates of 
Southeastern Louisiana. Copeia, No. 115, 1923. 

, “Distributional Problems of the Cold-Blooded Vertebrates of the 

Gulf Plain," Ecology^ Vol. VII, No. 3, 1926. 

, “Spontaneous Combustion in the Marshes of Southern Louisiana," 

Ecology^ Vol. XII, No. 2, 1931. 

Wallace, A. R., The Geographical Distribution of Animals^ 2 vols., Mac- 
millan, 1876. 

Weaver, J. E., and Clements, F. E., Plant Ecology. McGraw-Hill, 1929. 

Welch, P. S., Limnology. McGraw-Hill, 1935. 

Williams, S. H., A Systematic Guide to Field Zoology. Author's mimeo- 
graphed edition. Univ. of Pittsburgh, 1927. 

, A Preliminary Report on the Animal Ecology of Presque Isle. Proc. 

Pa. Acad. Sci., Vol. 5, 1931. 

Parasites 

Boyce, R. W., Mosquitoes or Man? The Conquest of the Tropical World. 
J. Murray, London, 1910. 

Braun, Max, Animal Parasites of Man. J. Bale, Sons, and Danielsson, 
1906. 

Braun, M., and Liihc, M., Handbook of Practical Parasitology (translated 
from German by L. Forster). J. Bale, Sons, and Danielsson, 1910. 

Chandler, A. C., hitroduction to Human Parasitology. John AViley and 
Sons, 1930. 

Clark, A. H., Animals of Land and Sea. Van Nostrand, 1927. 

Comstock, J. H., Introduction to Entomology. Comstock Pub. Co., 1933. 

Doane, R. W., Insects and Disease. Henry Holt, 1910. 

Ewing, H. E., Manual of Extermd Parasites. C. C. Thomas, 1929. 



90 


THE LIVING WORLD 


Ferris, G. P., *‘Some Ectoparasites of Bats,” Ent. News, Vol. 27, 1916, 
pp. 433-438. 

Hegner, R. W., College Zoology. Macmillan, 1932. 

, The Parade of the Ammal Kingdom. Macmillan, 1935. 

Johaniisen, 0. A., and Riley, W. A., Handbook of Medical Entomology. 
Comstock Pub. Co., 1915. 

Linton, E., and Stiles, C. W., Information corwerning Parasitic Worms in 
Fish. U. S. Bur. Fisheries, Econ. Circular No. 21, 1916. 

Macdougal, D. T., and Cannon, W. A., The Condition of Parasitism in 
Plants. Carnegie Inst. Wash. Pub. 129, 1910. 

Massart, J., .vnd Vandervelde, E., Parasitism: Organic and Social. Scrib- 
ner, 1907. 

Matheson, Robert, Medical Enlomology. C. C. Thomas, 1932. 

Metcalf, C. L., and Flint, W. P., Destructive and Usefid Insects. McGraw- 
Hill, 1928. 

Moore, J. Percy, and others. The Leeches of Minnesota. Geol. and Nat. 
Hist. Survey of Minn. (Zool. Ser. No. 5), 1912. 

Nuttall, G. H. F., Warburton, C., Cooper, W. F., and Robinson, L. E., 
Ticks; a Monograph of the Ixodoidea. Harvard Univ. Press, 1908 
to 1915. 

Patton, W. S., and Cragg, F. W., A Textbook of Medical Entomology. 
Christian Literature Society for India, 1913. 

Pearse, A. S., Animal Ecology. McGraw-Hill, 1877. 

Pearson, Leonard, Diseases of Poultry. Pa. Dept, of Agric. Bull. 17, 1896. 

Pierce, W. D., Sanitary Enlomology. Richard Badger, Boston, 1921. 

Riley, C. V., Parasitism in Insects. Proc. Ent. Soc. Wash., Vol. II, 1893. 

Riley, W. A., and Christensen, R. B., Guide to the Study of Animal Par- 
asites. McGraw-Hill, 1930. 

Russel, H., The Flea. Cambridge Univ. Press, 1913. 

Shipley, A. E., Nemathelminthes^ Vol. II. Cambridge Nat. Hist., London, 
1922. This series is a valuable reference for all animal groups. 

Shull, A. F., Principles of Animal Biology. McGraw-Hill, 1929. 

Stiles, C. W., Parasitism. Proc. Ent. Soc. Wash., Vol. Ill, 1893. 

Stunkard, H. W., “Parasitism: A Biological Phenomenon,” Sci. Monthly ^ 
1929, pp. 349-362. 

Underhill, B. M., Parasites and Parasitosis of Domestic Animals. Macmil- 
lan, 1920. 

Wheeler, W. M., “Insect Parasitism and Its Peculiarities,” Pop. Sci 
Monthly, Vol. LXXIX, 1911. 



CHAPTER III 


THE COLORS OF ANIMALS 

The coloration of animals has long been a matter of controversy 
between two groups of biologists, the naturalists and the physiol- 
ogists. The former have, until recently, contended that the color- 
ation of animals is purely purposive. That is, they believe that 
the colors and color patterns of animals are produced by some 
directive force or forces for purposes of security. 

The physiologists, or at least most of them, have insisted that 
all coloration is purely physiological and that its production, 
deposition, distribution, and selection have little to do with render- 
ing any spc'fij.] '»^rvice to animals and little or no connection with 
extraneous factors. More recently, however, biologists n^cognize 
certain valid claims of both groups. 

There is no (luestion that green caterpillars are safer on green 
foliage, or that si)otted fawns are less consi)icuous in dense forests 
than arc their parents. It is also ol)vious that the white coats of 
arctic animals have a protective value in snow-co\'er('d regions. 

While most colors are the products of physiological activity, 
there are other factors which help to determine the set patterns 
which characterize most animals. It has been shown that heredity, 
genetic mutations, humidity, food, temi)erature, light, anr disease 
all play an important ])art in the production and alteration of 
color and that natural selection finally plays some part in deter- 
mining the colors and color patterns which eventually continue 
in n)ost animal groups. 

However, in considering color, it must be remembered that we 
are dealing with a variable quality, to which we as individuals 
respond in different ways. We must also bear in mind that colors 
are psychological products. When we attempt to interpret colors 
in other animals, we must not lose sight of the fact that nearly 
all of the lower groups have sensory apparatus entirely different 
from our own. Because of the great variety of vastly different 
structures through which animals perceive, these organisms may 
not only respond to light frequencies that are different from those 
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which stimulate the human eye, but their sensory perception of 
these cannot be judged in terms of the human interpretation. 

There are three distinct types of coloration in the animal world. 
They are: (1) pigmental, (2) structural, and (3) combination 





Fig. 11. Does the skunk have warning coloration? From an exhibit in 
the Carnegie Museum, Pittsburgh. 

colors. The first of these implies that distinct choinical ])iginents 
are present in the exposed structur(\s of s(^me animals, and that 
these produce their characteristic tints. The distribution of pig- 
ment in exposed structures such as hair and skin is i)eculiar to 
individual species. In some animals such as salamancUTs, the pig- 
ment is present in chromatophores or rnelanophorcvs which arc 
sometimes capable of movement in responsci to light effects. Fre- 
quently a pigmental color is modified or subdued by the presence 
of another contrasting or interference color which is usually struc- 
tural. 
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Structural colors ani those produced by the modification of 
exposed surfa(;e struc^tures. These modifications consist of minute 
striations, punctuations, and sculptured areas. These physical 
alterations diffuse the light that strikes them, and they reflect 
the rays of different lengths and frequencies which we interpret 
as colors. 

The reader will, of course, keep in mind that white light is a 
combination of all colors and that the visible colors of object.s 
an^ those \vhich are re- 
flect od from them. White ^ I 

light is broken up into its 
constitiuMit colors (spec- 
trum) by diffusion, 
diffraction, reflection, 
and refraction. The in- 



visible colors, or those 
that are not revealed 
when an object reflects 
a characteristic color as 
the light strikes it, are 
those which are absorbed 





by the object. A thin. Fig. 12. The arctic hare or snowshoe 
transparent film which rabbit in winter coloration. From Williams. 

cov('rs the Avings of tiger 

beetles, for instance, is responsible? for the bright green colors of 
some? of them. The film causes a structural analysis of the light 
in this case since? no green pigment is present. The minute stria- 
tie>ns on the wing scales aiiel the wing covers of many ire* cts are 
entire'ly re'sponsilile for their cole>rs. Me:)st colors of birds arc 
strue*tural. "J'he» silveuy white and milky areas eiii so:ne spiders 
are? elue to optical effects ])roducexl by light reflectexl from air-filled 
scales, while the silver speits on the* silver spot butterfly {Argynnis) 
are merely se*aleless, mirre)r-like areas which reflect the light. 
Structural colors do not fade, but they may be alte?red by dust and 
temporarily obliterated l)y wate»r. 

Combination colors are exactly what their name implies — a 
combination of pigment and structural modifi(*ation. It is very 
likely that most animal colors arc of this sort. The effects of pig- 
mental and interference colors may be classified as combination 
colors. Th(? color of the brilliant blue Morpho butterflies of South 
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America and that of our native mourning cloak, as well as those 
of many birds, insects, and mammals, are combination colors. 
In the butterflies of the family Lycaenidae the colors are invariably 
of this sort. 

In general, color is a tremendous subject, with chemical, phys- 
ical, physiological, and behavioristic phases. Green caterpillars 
usually get their color from the foliage eaten. The larva of the 
cabbage butterfly (Pieris rapae) is green; but in the adult the color 
is due to the presence of water-soluble uric acid in the scales on 
the wings. In the pupal stage, the rate of metabolism is high; and 
considerable waste is produced. Urea is a characteristic waste 



Fig. 13. The white coat of the weasel in winter is a protection when the 
ground is covered with snow. 

product of animal metabolism; and since there is no anal opening 
for the discharge of fecal substances in the pupa, some of the urea 
is secondarily utilized. The wing s(;ales are hollow, flattened sacs; 
and the chemical substances are deposited in them. The'se sub- 
stances or pigments giv(^ to the scales their colors. The yellow ])ig- 
ment in the tiger swallowtail (Papilio turnus) is said to be an 
almost pure pigment. Most pigments are usually mixtures. 

It has been suggested that variations in color may be due to 
physical factors such as light, humidity, temperature, find disease. 
Strong sunlight has a tendency to bkiach many pigments. I^una 
moths {Actias luna) kept in exposed, glass-covered cases usually 
become pale in a few months. On the other hand, black beetles 
usually emerge froni the pupal cases with a light tan color which 
is darkened by the action of atmospheric oxygen on the freshly 
formed chitin. Birds of a single species are darker in regions where 
the atmosphere is humid. Some moths which have a wide range 
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are darker in the North and lighter in the South, probably because 
of temperature differences. There are nine times as many Papilio 
butterflies in South America as there are in North America, and 
yet there arc only twice as many 
colors in the South American 
fauna. Much could be written on 
the relations ])ctwcen color and 
climate, but the naturalist is 
primarily interested in color 
from the standpoint of a hu- 
man observer who sees an or- 
ganism in its natural haunts. 

From his point of view he at- 
tempts to interpret the part that Fio. 14. The tiger swallowtail, 

, 1 I , , , Papilio tumu8 (Papilionidae). 

colors and color patterns play ‘ ‘ 

in contributing to the survival of the organism. He also looks 

for any effect‘d , may have on the attitude the organism as- 

_ sumes toward its background 

f 1 and toward other organisms 




B. 


of its own and of other kinds. 

In the field, it can be read- 
ily noted that animals on the 
open plains are usually more 
or less uniformly colored 
(horses, cattle, antelo])e, bi- 
son) unless their body forms 
are otherwise adapted to con- 
cealment. Arctic animals 
living on snow and ice are 
l)redominantly white (ptar- 
migan, arctic fox, arctic hare, 
j)olar Ix'ar, snowy owl). In 
tem[)erate zones where snow 
is present for a few months, 


A/r- • A rpu ^ 1 some forms like the weasels 

Fig. 15. Mimicry. A. The monarch, .... 

Danais plexippus (Mi/mphali<lac); B. The (Hs* 13) are white during the 

viceroy, BasilarcMa archippus {Nfjniphal- winter months only. The ani- 

mals ill open sections where 


there are tall grasses and a sparse scattering of trees and shrubs are 


striped or marked with huge spots (tigers, zebras, giraffes). The 
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inhabitants of forests are spotted (leopards, jaguars, jungle deer, 
and the young of tajnrs, peecari(\s, and Virginia deer). In the low 
grasses the pattern is definitely striped (meadow lark, sparrows). 
In all of the above cases, the specimens, while they may appear 



Fig. 16 . Protective resemblance;. Meas- 
uring worm on twig. After Kellogg. 


conspicuous in museum 
cases, are difficult to see 
in their native haunts. 
Whc'ii the color i)attern is 
not adaptix'o, the animals 
have oth»r efficacious 
means of protecting them- 
selves such as swift flight 
(deer, adult peccaries), 
powerful teeth, offensive 
Odors, horns, or other de- 
vices. 

Countershading is char- 
acteristic of most animals. 
The light underside and 
darker back neutralize 
shadows and otherwise 
render protection. The line 
dividing the upper and 
under colors breaks the 
outline or silhouette of the 
animal and demonstrates 
the principle of camouflage. 
Stripes, spots, and bands 
are all illustrations of cam- 
ouflage, a i)rinciple of con- 
cealment used (extensively 
in war, on ships, tanks, 
trucks, and along limes of 
march. 


The liiK'S across the face of thv raccoon ; the si)ots on a leoymrd 
or jaguar; the stapes on a tiger or IV'male red-wing('d Idackbird; 
the jnottled pattern and lines on (piail; the white band across the 
back of a red-headed woodpecker in flight; and a host of other 
examples illustrates how' these markings disrupt the uniformity of 
color pattern and destroy the outline of the body in the same way 
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that stripes and bands on war-time ships made tliem less visible 
at a distance. The writer was amazed at the rapidity with which 
a jaguar disappeared in the jungles. It seemed to suddenly melt 
away as it turned to escape. 

Conspicuous areas such as the white cotton-tail of the rabbit; 
the white rump of a flicker; the white under-tail of the Virginia 
d('(T; the. white outer tail feathers of chewinks, juncos, meadow 
larks, and vesj^er sparrows are visible when those animals are 
disturbed or in flight; and they may be called flash' colors, recog- 
nition colors, or signal colors. 

Among some animals, notably birds and insects, there is fre- 
quently a distinct difference between the colors of males and 
females. The male is usually the more brightly colored. Tiger 
beetles, moths, red-winged blackbirds, goldfinches, scarlet tanagers, 
ring-necked pheasants, and numerous others illustrate this. In 
some cases, such as the tanager and goldfinch, the gaudy coat of 
the mal(^ is t('mporary and confined to the mating season, after 
which the blight cohnvs are lost. While many of the color changes 
are probably due to i^hysiological processes, such as sex hormones, 
tiie gaudy coat of the male is, nevertheless, attractive to the 
female; and it undoubtedly expedites and probably insures mating 
activities. If this is so, and the evidence indicates that it is, then 
the functional values of the courtship colors cannot be denied; 
for after all, the female has hormones, too. In fact, there is some 
evidence that would indicate that brilliant color spots, stripes, 
and bands on some creatures are end results of a long period of 
selectivity on the part of the females which frequently manifest 
a susceptibility to flashy colors. 

'^rhat there is some relationship between color and habits is 
illustrated by the virco whicli rests concealed within the recesses 
of the foliage, waiting for insects to pass. A brilliant coat would 
be disadvantageous because of its conspicuousness. The dull 
coloration adds to its concealment and to its chances of capturing 
flying insects, which are also attracted to and repelled by color. 
The mole, which leads a subterranean existence, unexposed to 
iight, is uniformly dark; and it lacks the countershading that is 
characteristic of terrestrial, aquatic, and arboreal animals. The 
twig-like body form of the walking-stick and of several caterpillars; 
the leaf-lik(? form of tlu' mantis; the dead-leaf-like form of the 
Indian butterfly Kallima; the thorn-like appearance of some mem- 
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bracids; and the gall-like appearance of some beetles and spiders, 
all of which may cause them to be ovcirlooked by enemies, cannot 
be explained in purely physiological terms. But the great variety 
of color patterns, many of which cannot be interpreted in terms of 
environment or in terms of survival value, indicate that the inter- 
pretative analysis of color becomes somewhat complicated and 
demands classification. 

Classification of Colors 

Because; of the extreme difficulty in describing colors due to the 
variability oi the individual conception of them, biologists have 
established an international code of colors for world-wide ap])lica- 
tion. Since we are primarily interested in the adaptive side of 
color, an abbreviated, ecological classification will suffice. 

1. Concealing coloration (cryptic colors). These include those 
colors and color patterns which resemble the background or at 
least part of it. They render their possessors inconspicuous and 
therefore enable them to escape observation by their enemies. 
Green caterpillars on green plants; ruffed grouse and quail among 
dead leaves; the whip-poor-will on a dead log; countershading of 
most animals; the olive green of many birds; green katydids among 
green plants; the mottled gray of bark moths; the leaf-like wings 
of the praying mantis; the white coats of weasels in winter; the 
rough, warty, dirt-colored skin of the toad; the green back of the 
green frog, resting on the surface of an algae-filled pond; the mud- 
colored bottom nymphs of dragon flies; the stonc-(*olored larvae 
of brook beetles and stonefly nymphs; and thousands of other 
examples illustrate how the color patterns of animals make them 
difficult to see. The bars, stripes, bands, and spots, already re- 
ferred to, are concealing colors. Most protectively colored animals 
remain motionless in the presence of danger. Even the changing 
colors of chameleons, tree frogs, and numerous fishes are devices 
which enable them to quickly transform their outer aspects in 
order to blend into the color of their backgrounds. 

2. Aggressive coloration (anticryptic colors). This type of 
coloration, which also resembles the background, is possessed by 
animals which are predatory in their habits but which usually 
lack the ability to overtake their victims by pursuit. They usually 
lie in wait for their victims to approach within reach of their 
seizing apparatus. Because of their resemblance to the setting in 



THE COLORS OF ANIMALS 


99 


which they live, they are not readily discovered by their victims 
until it is too late. Leaf mantiscs, which are i)oor fliers and slow 
crawlers, are excellent examples of aggressive coloration. Certain 
decorator crabs will pluck sponges, kelp, or sea anemones and 
hold them in their claws before them. They are thus able to advance 
on their victims behind a protecting screen of harmless organisms. 

3. Mimicry and protective resemblance (pseudaposematic 
colors). In this group should be included those animals which 



Fig. 17. Flies that mimic bees. 1., 2. Syrphus flies; 3. Queen bumble bee; 
4. Female worker bumble bee. After Plath, Bumblebees and Their Ways, The 
Macmillan Company. 


hav(» a coloration similar to some other animal generally avoided 
by predators, or to parts of plants. The caterpillar of th(* brim- 
stone moth {(kofneiridac) resembles a twig ))roken off at the 
end; and when disturbed, it will extend one end of its body 
at an angle similar to that of the twigs on the plant (Fig. 16). 
There it will remain motionless until the danger has passed. It so 
closely resembles a twig that it usually escapes observation. The 
body form of the w^alking-stick also mimics the stem of plants. 
Spiders mimic bugs, ants, and portions of plants. Flies mimic bees 
(Fig. 17) and other stinging hymenopterous insects. The viceroy 
butterfly mimics the inedible monarch so closely that ii is seldom 
taken by birds which avoid the monarch. Leaf-hoppers mimic 
thorns and bracts, wdiile spiders and beetles sometimes mimic 
plant galls. 
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Quite frequently the mimic acts in the same way as its model, 
although this is not always the rule. Sometimes the resemblance 
between mimic and model is so nearly exact that the one will 
court the other. Mimicry is both for protection and aggression 
(pseudepisematic colors). 

4. Warning colors (aposematic colors). While it is debatable as 
to the justification for classifying any color patterns as primarily 
intended to warn other animals to ‘^keep their distance,” the fact 



Fic. 18. Some unusual shapes assumed by troe-lioppors {Memhra.rvlae), After 
Funkhouser, courtesy Cornell Aj^ric. Exp. Sta. 

that many dangerous and disagreealne aiiiinals iia\'o a proiiomna'd 
conspicuousness would suggc'st that such claims havc^ a basis of 
fact. The proiniiuait white stripe on tli(' skunk and tin* brilliant 
colors of many stinging wasps and biting ants, as well as the gaudy 
colors of the poisonous coral snak(‘s, all of which an? unpleasant 
to encounter, certainly are obvious labels l)y which th(?y can l)e 
easily identified. l''ho coloration of the owEs-luiad motli and the 
large eye spots on tlu^ thorax of tlui eye (dater {Alam ocidalm) 
beetle are considered by some to function as a warning to otluT 
animals. The writer is rather inclined to believ^e that i)urposive 
warning colors do not exist as such. 

5. Recognition and signal markings fepisematic colors). There 
is little doubt that certain color markings might well serve for 
purposes of identification. The white rump on the flicker which 
is so conspicuous in flight; the white outer tail feathers of many 
birds (vesper sparrow, junco, chewink); the white tails of deer 
and rabbits; and numerous other color characters are displayed 
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in flight; and wh(ni disturbed, as has already been suggested, 
these are flash colors which may warn otliers against danger or 
they may serve as characters for their quick identification by 
others of their kind. Certainly the bright hair tufts on the legs 
of th(^ males of some dolichopodid flies are identification marks. 
WIk'u tlie passing female secs the tuft on the uplifted leg of the 
male, she descends. Likewise, the bright p(^dipalpi of male spiders, 
which are so conspicuously displayed in courtship, are also indubi- 


table marks of identific^ation. Some 
flightless Orthopt('ra rais(^ tluar wings 
to dis])lay color markings to other in- 
dividuals in much the same manner 
as do birds. TIkto is no doubt that 



Larva of the puss- 
fi up. A. Larva in 
ude: H. Larva dis- 


the white outer tail marking of ves- 
per sparrows and juncos and the 

white rumps of tlu^ bobolinks, which ^ \ 

travel in fjo(*ks, serve as signals which 

make it easier for the flocks to keej) b. ( / 

6. Courtship colors (epigarnic - 

colors). While the principles of some ^ ^ 
of th<' other types of coloration might Larva of the puss- 

bo open to (luostion, there isnodoul)t B. I^rva dU- 

as to the validity of courtship colors. turi)e(l. From KcUorr, Ameriran 

They are even manifest among hu- courtesy Henry Holt 

, . n • . I rt and Co. 

mans — artiiicial ones, of course. 

The brilliant male birds disport themselves rather flamboyantly 
before the less gaudy fernah's during the mating season. Since 
many birds, salamanders, insects, mammals, and fishes exhibit 
bright colors only during the mating season, there is every reason 
to accept thes(r colors as being of courtship value. In dioecious 
animals (and in most dioecious plants) bright colors serve as 
devices for insuring fertilization. 

One indication of color value is that those organisms which do 
not possess some sort of protective coloration usually have other 
efficacious means of defending themselves. This type of coloration 
• is usually lacking in animals which can dart quickly into under- 
ground burrow's, but it is present as a rule in those animals which 
scamper into trees. Nocturnal animals lacking powerful defense 
are frequc^ntly dark colored and therefore inconspicuous at night. 
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While the writer is reticent to grant too much to the claims of the 
old school of naturalists, he cannot completely subscribe to the 
claim that color is unaffected by external or environmental con- 
ditions. As a final illustration, let us consider the case of the 
ostrich. The male bird is very conspicuous while the female is 
rather dull. The hen sits on the eggs during the day; and her 
somber, browmish-gray color makes her rather inconspicuous, 
especially since she rests her neck and tail on the ground while 
sitting. The male bird sits on the eggs at night when his black 
hue matches the darkness and therefore renders him invisible to 
possible enemies. 

The student can make many observations on the colors of 
animals in all groups, and such observations will result in a classi- 
fication of colors according to the service they render to the ani- 
mals. Behavior is definitely connected with color in many species. 

Luminescence; Light-Producing Organisms 

While the sun, the moon, and the stars are ordinarily considered 
as the sources of light in nature, it often happens that plants and 
animals themselves radiate light. In fact luminescence, or light 
production, is quite an extensive phenomenon in nature. Myriads 
of organisms, plant and animal, emanate visible light, whiles many 
chemical substances not only produce light which can bo i)er- 
ceived by the human eye, but they also produce wave's of such 
length as to be imperceptible. The invisible rays of light from 
radioactive minerals have played an important part in ('arth 
changes. However, th(^ naturalist is interested in those phase's of 
light production which enter into th() realm of the organic world, 
affecting the lives and behavior of plants and animals and illus- 
trating further the diversity of biological processes. 

There are many luminescent animals in the o(*ean. These include 
representatives of many phyla such as protozoans, jellyfishes, 
corals, ctenophores, sea pens, worms, brittk? stars, prawns, squids, 
starfishes, angler fi.shes, and ascidians. A deep-sea shark is luminous 
on the underside duo to the presence of many small light-producing 
organisms which attach themselves to the skin. Other bathymeric 
fishes have light-producing organs on their entire bodies; and some 
of them have these organs arranged in lateral lines along the body. 

While the ocean is rich in these luminescent forms, nonc^ of th(?m 
is to be found in fresh water. On land there are many luminescent 
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organisms, especially in the tropical regions. Among the light- 
producing animals there are glow worms, click beetles, earth- 
worms; and fireflies with their luminous eggs and larvae. In the 
northern states the firefly is the only common one to be seen. On 
warm humid summer nights thousands of these can usually be seen 
flickering their lamps over fields and meadows. 

Luminescence is often referred to as phosphorescence; but since 
no phosphorus is involved, the term is erroneously applied. All 
luminescence in animals is associated with oxidation. Most 
luminescent animals are illuminated only at intervals, and the 
glow is not steady. The flashes occur particularly when the or- 
ganisms are disturbed; and at these times the glow may be ex- 
tended longer than usual. In 
most species, however, the flashes 
occur at regular intervals. In 
some of these animals lumi- 
nescence occur<s niy duriiig the 
bre(^ding seasons. 

The light emitted exhibits only 
a small part of the spectrum 
which is nearly like that of many 
luminescent chemical substances, and it appears only at certain 
temperatures which are characteristic for each species. The light 
produced by animals has no X-ray effects. Recent researches show 
that the light from fireflies does not penetrate wood, paper, leather, 
and flesh in sufficient quantities to affect photographic film 
as some earlier textbooks avc^r, although the insects may emit 
enough light to take their own photographs on the surfaces of 
objects. 

In America the majority of light-producing terrestrial animals 
ar(i confined to the tropical regions, and their numbers decrease 
progressively northward. In some southern states, and particularly 
in Central and South America, the most common and spectacular 
luminescent animal is a largo click beetle, Pyrophorus (family 
Elateridae), It has two large organs on the latenil margins of the 
thorax. These resojiible eyes and from them emanates a brilliant, 
amber-colored light which illuminates the surrounding foliage on 
dark nights. The glow is ('xtended for a much longer period than 
in our natives firefly. In some sections of Central and South America 
these beetles are used by women as hair ornaments at night, and 


Fig. 20. A thysanuran stealing food 
from a pair of ants. After Janet. 
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the natives sometimes place numbers of them in bottles which 
they use as lanterns. 

Some of thes(' bec^tles have a luminous patch on the underside as 
well; and as one of them ascends a sloping caladium leaf (elephant 
ear) in the darkness of a jungle night, it looks like an automobile 
coming over the crest of a distant hill, its tail light casting a trailing 
glow behind. In our native fireflies or lightning bugs (Colcoptera — 
Lampyridae) the light emanates from the underside of the alKlo- 
men; and it (;omes in short, more or less irregular flashes. 

The f(?mak\- of some of our native fireflies are wingless; and tJiey 
mature as larvae in form. These also produce light; and they are 
frequently called glow worms, being confused with the glow worm 
of England. It has hem suggested that the larva within the egg 
is also luminous; and in the darkness the luminosity of the im- 
hatched young is sufficient to reveal the body form within the egg. 

Occasionally when a stone is lifted or turned over in the woods 
at night, a tiny, rapid flicker of light can be observ(Ml. This is 
produced by collembolans (see Insects), some of which produce 
momentary flashes of light. Gnats and midges an; som(;times 
luminous, but their luminosity is due to a bact(;rial disease which 
attacks them, just as dead fish on the b('ach sometimes glow at 
night because of luminous bacteria which d(;vcloi) in them. 

In the ocean water the iridescence of the wave; caps in the dark- 
ness is due chiefly to a protozoan called Noctiluca, Another proto- 
zoan, Pyrocystis, whiciris much less common, is sometimes present 
in the surface wat(;r in great numbers; and it is much more l)rilliant 
than Noctiluca as a rule. 

Sometimes the feet and bills of birds are luminous; and in 
Europe luminous birds, their whole bodies exhibiting illuminat('d 
outlines, are sometimes seen flying through the air on dark nights. 
Apparently this lolumomenon has been observed since ancient 
times, and it has been the basis for some queer superstitions. It is 
explained, how(;vcr, by researches which w(;re made on Norfolk 
owls in England. Many plants are luminous, especially fungi; and 
when the birds rub against them, the luminous material a(Iher(\s to 
the feathers. It 'tenust be an eerie sight to see a luminous bird 
rapidly traveling through the darkness; and it is no wonder that 
the credulous populace has connected them with W'(;ird beliefs. 
Sometimes the feet of waterfowl bc'come; cov(;r(;d with the small, 
microscopic, luminous organisms which inhabit sea water; and the 
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bills of birds such as tlui whip-poor-will and the nighthawk are 
often luminous because they devour firciflies. The teeth of l)ats 
have often appeared distinctly illuminated at night because of 
their diet of fireflies. In some southern states thcTC arc luminous 
ceniipcides and (earthworms. 

There are also other strange and mysterious lights in nature 
which have commanded the intcenest of pceople since (earli(\st tinues. 
Their sounees have been the subject of spceculation for- generations, 
and the explanations whiceh have be(en advancced to account for 
their origins are illustrative of “wild flights of imagination and 
fancy.” The familiar “foxfire” of damp woods has been the basis 
of many ghost stories. It is due to cluanical action in decaying 
wood. A great many fungus plants emanate a visible light, and 
scientists have shown that the grecm leaves of many plants and the 
wings of butt(Tfli(3s also throw off light rays which affc^ct sensitive 
photographic filrn.^ These rays arc not perceptible to the human 
eye, how(W(^r. 

The “will-o’-the-wis])” of folklore fame is a n^al idienonK'iion. 
On hot summer nights the water over a swamp may lx? illuminat('d 
by f('eble flickcTings of light. As a rule the flashers an' of short 
duration; but som.etim(\s the light niov('s for a considerable dis- 
tance', like a traveling ball of fire. This is the “will-o^-tlu'-wisp” of 
po('tic fame. It is causc'd by the sj)ontan('ous ignition of gases 
wiiich l)u])l)le up from tlu^ swamps. 2 ii thane or marsh gas ((’H4) 
is a ])roduct of decaying vi'getatioii under water. '^I'he gas is 
highly inflammal)le and its combustion causes the familiar lights 
so often observed in swamps. 

St. 101mo\s liglit is a i)henom(^non freciiu'idly observcxl at s('a, 
csfx'cially in tropical and andic rc'gions, d^he light is a steady glow 
that ofttimes illuminates the ('iitire ship. TIi^ margins of the hull 
as well as the mast and rigging become covc'red with a greenish 
fire as l:)riHiant as tlu' hands and dial on soim' cl(x*ks and watches. 
It is as thougli tlu'sc? parts were j)aint('(l with radium; and sonu'- 
times the idu'iioim'non lasts for several minute's. The writer had 
the good fortune to obsc'rve this plu'uonu'non on a schooner in the 
Caribbean S('a some yc'ars ago. The light is due to static electricity 
in the atmosphere, and it is attracted to the ship just as lightning is. 

However, luminescc'uce in animals is of entirely difTc'n'iit origin, 
although its i)roduction is not completely imderstiwl. As has been 

1 See Clark, BuUerJli^^ 0 / the District of Colunihiat Bull. 157, U. S. Nat. Mus. 



106 


THE LIVING WORLD 


stated) it is always associated with oxidation. Researches have 
shown that luminescence is due to the action of an enzyme called 
luciferase on a protein substance known as luciferin, in the presence 
of oxygen. This explanation has been greatly amplified by more 
recent investigations of an extremely technical character. 

In the discussion of light, the purpose and function of lumines- 
cence is alluded to. In deep-sea forms it serves to attract possible 
victims just as a light attracts insects of various kinds. It also 
assists animals which travel in great schools to keep together. In 
such animals as worms, noctiluca, pyrocystis, dinoflagellates, 
ctenophores, jellyfishes, and numerous others it may possibly 
repel enemies and therefore serve as a defense mechanism. In 
fireflies, marine worms, and click beetles it undoubtedly functions 
in sex attraction. 

Albino Animals and Albinism 

While the usual, more or less fixed, color patterns of animals 
may be frequently modified by environmental factors such as 
food, light, moisture, temperature, and disease, it also happens in 
practically all animal groups in which color is normally present 
that individuals are produced which have no apparent coloration 
at all, and they are therefore white. This is due to a total or almost 
total absence of pigment, and these individuals are known as 
albinos (L. alhus — ‘‘wdiite”)- 

Among mammals tliis is not such a rare phenomenon as is com- 
monly supposed; and white deer, groundhogs, elephants, rhinoceri, 
bats, rats, mice, monkeys, and other white individuals in many 
species have often been recorded. Even human albinos are not 
uncommon. Such persons have snow-white hair, very whitish 
skin, and pink eyes. It has been shown that in pure albinos even 
the tissues lack their normal pigments. The pink eyes are not due 
to the presence of pigment but rather to a total lack of it. There- 
fore the numerous blood capillaries present in the eye, which are 
normally obscured by pigment in the iris, are exposed, thus giving 
the eye its pink or reddish color. The skin is normally iiink bet^ause 
of these capillaries. There are many cases on record of albino 
Ethiopians in whom the black pigment is absent. 

But albinism is not confined to mammals alone. It frequently 
occurs in birds, and white robins, white crows, and white black- 
birds are occasionally seen. In fact, albino individuals of many 
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species of birds, snakes, frogs, and other animals are sometime^, 
seen. 

It has already been suggested that albinism is due to a lack of 
pigment, and the remarkable feature of this condition is that it 
must be classed as a genetic mutation because it is a transmissablc 
and inheritable character. This means that the offspring of two 
mated pure albinos will all be white. Since this is true, it might 
well be asked, ‘‘Why is it that more albinos are not found in na- 
ture?’' However, there are several factors involved in the deter 
mination of their numbers. 

Geneticists recognize that some characters are dominant while 
others are recessive. In other words, when two opposite or alle- 
lomorphic characters arc combined, one of them is temporarily 
submerged. Color is dominant over albinism; and if an albino 
mates with an individual of color, the albino character is tem- 
porarily lost; and all of the offspring will have color just as in the 
Mendelian crors^ncr of a red-flowered pea with a white-flowered 
one, in which all of the first generation (Fi) will be red. Even in 
the second generation (F2), only one-fourth of the offspring will be 
white. These ratios, of course, apply only to large numbers. 

In nature there are fewer opportunities for albinos to mate, and 
therefore only a few arc produced. Furthermore, a Avhite coat is 
protective only to a few animals .such as snowy owls, arctic hares 
and foxes, and to weasels in their winter fur, which is white. In 
other animals, such a.s deer and blackbirds, a white coat renders 
them conspicuous; and they are subject to greater dangers. The 
survival value of albinism is thus opposed to its frequent eccur- 
rence. 

It must not be supposed that all white individuals are albinos. 
Cave-inhabiting animals an? usually whitish because they have 
not been exposed to the stimulus of light. The white of weasels in 
winter, \vhich is physiological, develoi)s as a protective' response to 
a background of snow. In these forms which exhibit a seasonal 
change in color, some color always n'mains; and the eyes retain 
their normal pigmi'iits. It has already been indicated that albinism 
implies a comi^lete lack of pigment. 

* Then, too, there are species such as egrets, white leghorn chick- 
ens, Poland china pigs, horses, spitz dogs, and guinea pigs which 
are normally white. However, in these animals, color factors are 
present. 
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Physiologists have shown that some relation exists between the 
presence of the color factor in the genetic constitution of an animal 
and the production of tyrosinase, an enzyme that changes chro- 
mogenic substances, present in the blood of animals, into melanin- 
like pigments. There is an absence of this enzyme in albinos. 
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CHAPTER IV 


THE DEFENSES AND LIFE SPAN OF ANIMALS 

The means by which animals protect themselves against in- 
numerable enemies and forces arc almost as diverse as the animals 
themselves. In many cases the defensive structures serve other 
purposes as well, particularly as offensive weapons. In a great 
number of animals, the formidable weapons of dtrfense arc^ sec;ond- 
ary sexual characters; and they are therefore possessed by only 
one sex, usually the male. In such cases, it often happens that the 
one equipped with the formidable device assumes the responsibility 
for the safety of the other. In some animals, such as stag beetles 
and deer, the chief weapons of defense arc embellishments for 
mating purposes; and not infrequ(uitly the males will engage in 
bitter and deadly combat during the mating period. In bees and 
wasps, the females have the weapons in the forms of stings, which 
are modified ovipositors. 

Aside from structural defenses, animals also have their phys- 
iological processes so modified as to contribute to their survival. 
Even the ability to regenerate lost parts and the ability to heal 
wounds are defense mechanisms; and the faculty of practicing 
autotomy enables many'species of animals to escape what would 
otherwise be certain death. Color and color patterns are widely 
employed for protection in several ways. They may make their 
possessors inconspicuous or they may give to them such grotesque 
appearances as to frighten away possible enemies. The growls, 
hisses, barks, and screams of many animals prove to be very 
effective in scaring away their enemies also. 

The development of hibernation, migration, distribution, and 
complex metamorphoses have all contributed to the perpetuation of 
animal species. 

A defense structure or process is something which adds to the 
security of an animal, and it usually functions to injure or ward oflf 
attacking enemies. 

From the structural standpoint, every group of animals in 
the phylogenetic scheme' has its peculiar adaptations for self- 
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preservation. Even among the one-celled animals some have 
developed shells (Radiolarians) ; and others (Paramecium) produce 
trichocysts which arc forcibly discharged and form an effective 
barrier against aggression by enemy forms. Trichocysts are hair- 
like strands of protoplasm which form an entanglement, resem- 
bling a barbed wire barrier on a battki front, around the section of 
the animal from which the trichocysts are discharged. The lowly 
sponges producer skeletal structures called spicules which are 
needle-like and composed of silicon and limestone, and these are 
undoubtedly protective. The (*o(Jenterates such as hydra, jelly- 
fishes, and sea anemones have highly specialized cedis which 
manufacture stinging hairs or nematocysts. When disturbed, these 
animals forcibly discharge the>se hairs which are poisonous and 
which penetrate the bodie*s of their adversaries. The nematocysts 
are really poisoned darts, and with them the coelenterates kill or 
injure their food victims and their enemi('s. Large jellyfishes have 
been known to kdl human beings. The small(‘r jellyfishes that are 
frequently washed upon the beach should not be handled with the 
bare hands, for they cause an irritation that is extremely painful. 

Among the insects, there are numerous mechanisms which are 
defensive. They consist of: stings (bees and wasps); biting or 
piercing mouth parts (ants, water boatmen, assassin bugs, etc.); 
glandular, poisonous, and penetrating hairs (larva of the io moth 
and the saddle-back caterpillar — Sibine stimulea) (Fig. 70) ; offen- 
sive odors (bedbug, stink bugs, whirligig beetles); liquid dis- 
charges (caterpillars and the larvae of horntails); gaseous dis- 
charges (bombardier beetles); normally hidden structures (scent 
glands) which protrude when the insect is disturbed (caterpillar 
of the black swallowtail); protective coloration (leaf mantis, 
katydid, bark moths, caterpillars) ; color mimicry (viceroy butter- 
fly). (Fig. 15); body forms which mimic thorns (membracids) 
(Fig. 18), twigs (larva of brimstone moth (Fig. 16), walking-stick, 
water scorpion), dead leaves (dead-leaf butterfly), plant galls 
(spiders, Euphoria beetles), and a host of others; grotesque mark- 
ings (eye spots on the eyed elater beetle and on the owrs-head 
moth) ; and a great number of insects feign death. 

‘ In the other animal groups there is a diverse assortment of 
protective devices. Echinoderms (starfish, sea urchin) have tough, 
spiny skin; mollusks (snails, oysters, mussels, and clams) have 
bard shells over their soft bodies, while the slugs discharge a slimy 
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mucus, and tho coplialopods (squid and octopus) cloud the water 
by discharging an inky fluid into it. In the crustaceans such as 
crabs, lobsUns, and crayfishes, tlu? front feet are modified into large 
and powerful pinccTs; th(> myriapods have j)oison claws (centipedes) 
and sccMit glands (millipedes); the arachnids hav(^ hollow, needle- 
like chelicerae, jaws, or poison fangs, through which virulent 
poisons are injected into tlieir victims and eiuanies (spiders), or 
poisonous stings in their tails (scorpions). All of th(^ arthropods 
have ii hard, chitinous body covering or exoskeleton which is in 
itself a real protection against many enemies, esp(Kaally in the 
beetle's and larger millipedes. 

Among the fishes thc'n^ are erectile, spinous rays in tho fins 
(catfish, stickleback), in addition to the ability to move rapidly 
away from danger. Most of thcmi hav(> bat'kground colors which 
make them difficult to see. The porcupiiu^ fish has spines all over 
its body, and these become erect when the animal puffs up. It 
would be very difficult for an enemy to close its jaws on, or to 
swallow, a porcupine fish. Toad or puffer fishes enlarge to amazing 
proportions when captured (also some toads). Tlui tropical e(d 
(South America) is capable of emitting an astounding discharge of 
electricity in the water; the writer, while wading in the shallow 
water along the shore of the Cuyuni River in British Guiana, was 
knocked off his feet when struck by one of these eels. 

Green frogs are less visible in grasses, in trees, or among green 
algae. Tree frogs are prqt('ctively colorc'd or change color so as to 
harmonize with their backgrounds; and th(^ toad has a rough, 
warty, dirt-colored skin which concc'als it on the ground. The 
toad also possesses skin glands from which it can discharge a 
slimy, evil-smelling, bittc^r-tasting, and i)oisonous fluid when the 
creature is captured by a predatory animal. 

Among the reptilc!s there are also some unique and interesting 
methods by which defense is effected. Snakes have sharp, recurved 
teeth; warning apparatus (rattlesnake); quick movements (l)lack 
snakes, water siiak('s, garter snakes); poison fangs ((;of)p(irhead, 
coral snake, water moccasin, rattlesnake^ ; and crushing i)owers 
(python, boa, pine snake, black snake); often they scare away 
their enemies by protruding their tongues and shaking their tails. 
Some snakes issue hissing sounds (cobra, hog-nosed snake) which 
undoubtedly frighten some enemies. The alligators and crocodiles 
have powerful jaws and sharp teeth with which they can inflict 
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serious injuries. The alligator also opens its mouth and violently 
exhales with an almost bellowing sound. Both the crocodile and the 
alligator use their tails to slap their enemies. Sle(3j)ing alligators 
and crocodiles also derive some protection from their ros(»mblance 
to dead logs on thti banks of streams. Lizards are usually agile and 
dart quickly to safety, although all of them can bite. The tropical 
iguana can bite, scratch, and use its tail as a whip. The writer 
placed a tamandua or prehensile-tailed antcjater in -a cage with a 
large iguana, and th(^ lizard knocked the anteater ov^er every time 
it got within striking distances Turtles have hard slu^lls, as a rule; 
and most of them can seriously injure their enemies by biting them 
with tlunr horny beaks. Some of the reptiles have offensive body 
odors which repel many possible enemies. The body scales of 
reptiles, parti(;ularly in turtles and alligators, provide a coat of 
armor which rcNsists th(^ attacks of most aggressors. 

In birds, flight is the chief means of (\scaping from danger, 
although many birds rc'ly to a large degree on thenr background 
coloration. Many of th(*m, howx'ver, have strong bills w^ith which 
they can inflict ])ainful injuries. JOven a chicken or a robin w'ill 
j)eck with its bill in a fight, while hawks and owds can inflict serious 
wounds with tlu'ir hooked mandibles. An ostrich can kick as hard 
as a hors(', but it kicks forward insti'ad of backw’ard. A number of 
birds have sharj) talons (ow^ls, hawks, eagles) or spurs (game cocks, 
roosters, and i)h('asants). Figliting cocks frequently so seriously 
injure each otlua- that both of the combatants die from the effects 
of battle. Many birds such as freose can very effectively b('at their 
adversaries with their wings wduai attackinl. 

Among the mammals, the jirotectivi' devices are also diverse. 
SoiiK^ of tluan have: offensive odors (skunks, weasels, jieccaries); 
modified, barlx'd, jKMiet rating spines (porcupines); coats of armor 
(arinadill(j) ; scratching or cutting claws (cats, bears, sloths, tigers, 
lions, ant('aters); sharp teeth and powerful biting jaw s (practically 
all predators and flesh-eaters); horns and anthers (deer, cattle, 
rams, moose, elk, bison); cutting hoofs (giraffe, antelopes, deer); 
powH‘rful kicking l(‘gs (horse, rabbit, zebra, cattle); and tusks 
(w^alrus, ehqihant, sw'ine). Many animals travel in herds for 
safety (cattle, sheep, bison, peccaries). The plain-dwellers (cattle 
and horses) and mountain sheep and goats usually have a 
sentinel on guard to w^atch for approaching enemies while the rest 
of the herd browses. 
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Added to these defensive processes there are many self-preserv • 
ing behaviorisms; and many animals resort to: running away; 
feigning death; hiding; burrowing; submerging in water; climbing 
trees; or they depend upon their color for keeping them unseen. 
Monkeys, snakes, numerous moths, and many birds discharge 
fecal substances to discourage their attackers or disturbers. 

Many animals are nocturnal in their habits because they are 
safer in the darkness of night, and luminescence is evidently of 
value only as a protection in many lower forms such as noctiluca, 
pyrocystis, ctenophores, and jellyfishes. 

Animal defence is an interesting counterpart of nature, and its 
interpretation in all living creatures should be attempted. In fact, 
the comfort and the safety of the student depend upon a thorough 
knowledge of the dangerous qualities of the animals he studies. 
Furthermore, a knowledge of defense contributes much to the 
understanding of behavior and survival. Numerous defeiLses, in 
addition to those mentioned above, will be found in the discus- 
sions of the various animal groups. 

The Ages of Animals 

The life span of animals has always been a matter of conjecture; 
and fabulous tales have been told about toads entrapped in jxxikcits 
within rocks for hundreds of years, and which when unearthed by 
digging or blasting were seemingly in good health. It is interesting 
to consider the problem of just how long the various sjx^cies of 
animals do live under orcfinary and extraordinary conditions. 

The factors of climate, disease, parasites, parental caiti, and food 
all play an important role in the longevity of a species. It is very- 
likely that the great majority of organisms in nature meet with a 
violent death — from combat with their fellows; from predatory 
enemies; from freezing; by burning to death in forest fires or in 
volcanic eruptions; by drowning in floods; by being killed by 
earthquakes or land slides; by tidal waves; from exposure; from 
parasites; or from disease. It is doubtful if many species reach the 
age of senility, for as soon as they weaken they become easy 
victims of all the destructive forces in nature. 

While there is much protest against keeping animals in captivity, 
the fact remains that under proper conditions most wild animals 
have a greater chance of living for a longer period in captivity 
than they have when exposed to natural conditions. An animal 
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in a zoo, for instance, is removed from the disastrous ellects of 
floods, drouths, forest fires, parasites, and powerful killing enemies. 
Moreover, zoo animals are assured of a regular and sufficient diet 
which, in nature, is never guaranteed. There arc many animals, 
however, which cannot be kept in captivity at all ; and the elephant 
would probably live longer in the wild state, because it is not al- 
ways possible to provide bathing pools and other satisfactory 
conditions. The age data listed here are mostly of specimens kept 
in captivity, since there are no other means by which the life span 
of most species can be ascertained. Age characters such as the 
rings in fish scales, sizt^, skin characters, teeth, vision, and fertility 
only indicate the present ages of animals, and they do not predict 
how much longer the species will live. The ear bones are valuable 
bases for determining the ages of seals and other vertebrate ani- 
mals. 

Many protozoans complete their life cycles in a very short space 
of time unde'' idv.M-1 •'‘onditions. Some insects live but a few hours 
or days. Most insects liv(^ for but a single season; but there is an 
authentic record of a buprestid beetle having lived for 37 years. 
Many colonial coelenterates grow and increase in size for many 
years, and the periodical cicada requires almost 17 years to com- 
ph^te its development. 

The elephant holds the record among the mammals for living 
longest, its life being upwards of 100 years. The whale follows a 
close second with 00 years, although tluTo are tales about whales 
being 500 years old. Of course humans have exceeded the^e limits 
by several years, although the claims of pf*rsons \vho insi that 
they are as much as 136 years old are to be judged in the light of the 
uncertainties of memory. 

Among the rc'ptih's, the giant tortoise has been known to live for 
200- years, and crocodiles and alligators have been kept for from 
40 to 100 years. Snakes probably do not live more than 30 j^ears, 
and the great majority of them considerably less. The potential 
longevity of frogs and toads is from 12 to 15 years in the frog and 
as much as 36 years in the toad. In the case of mammals, I he 
larger they are, the longer they live, as a rule. Similar relationships 
between size and age hold for other animals as well, but not so 
consistently. 

Fishes such as tlie shark and salmon live to be 100 years old, 
and the carp 150 years. The birds are the champion long-livers, 
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however, with many .specie's living more than 100 years. But the 
list is too long to bear discussion and is given in tabulated form 
below. However, there are other life phases of animals that com- 
mand interest. For instance, the elephant is able to breed only 
once in about two years; the mare once a year; a cow once in nine 
months; a monkey once in seven months; a sheep once in five 
months; a dog once in sixty days; the rat once every three weeks; 
and so on. The duration of the internal development of mammals 
is known as the period of gestation. 

The tabulate 1 material listed below has been secured from nu- 
merous sources; and although it is incomplete, it is hoped that it will 
broaden the knowledge of the student. Rare exceptions to most of 
these data are matters of common knowledge. For instance, the 
normal life span of humans is from 70 to 90 years, but a number of 
people live to be more than 100 years old. The normal numlxT of hu- 
man young is one; but twins occur rather frequently, esixx’ially in 
family strains, since twinning is an inheritable quality. Triplets 
and quadruplets occur progressively more seldom than twins, and 
quintuplets are so unusual as to command world-wide attention. 

Thus in all groups, tlu're is an average number of offspring for 
each species, but maximum and minimum numbers are produced. 
Likewise, while the period of g(\station is definitely e^stal)lish('d for 
each species of animal, extensions frequently occur; and even more 
frequently premature births take place. 

In determining the periods of incubation outside the bodies of ani- 
mals, conditions must be stated; for cold retards, whih^ heat acc('ler- 
ates the development w^ithin the egg. The incubation i)eriods of 
native birds are available in s(W(?ral t('xtbooks of Ornithology. 

It is obvious that age is an elastic quality, dc'pendent upon nu- 
merous factors over which the individual has litth^ or no control . Th(^ 
life span of species is fairly well established. It has l^ec'u ])hylog(Mi- 
etically determined for a given set of conditions but c*xtraneous 
factors may greatly modify the inherent capacity for living, with 
which each individual is (jndowed. Within the species itself, there is 
often a variation in potential age. While the survival of the fittest 
obtains, as a general rule in nature, individuals with strong life 
potentials may be eliminated by fatal accidents. 

‘‘How long will it live?” is an unanswerable question. “How 
long can it live?” is one to which a fairly accurate and satisfac- 
tory answer can be given by the biologist and statistician. 
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THE MAMMALS 


Namk of Mammal 

DniiATioN OF Life 
(Maximum — 
Noumal) 

Normal Period of 
Gestation 

Normal Number 

OF Litter 

Man 

70-90 years 

9 months (280 days) 

1 

Horse 

30 

12 “ (340 “ ) 

1 

Cow 

20 

9 “ (28.5 “ ) 

1 

Dog 

12 

2 “ ( 63 “ ) 

4-8 

Pig 

10 

4 (118 ** ) 

10-15 

Sheep 

15 

5 “ (150 ** ) 

1 

Rabbit 

5 “ 

1 ( 28 “ ) 

4-7 

Mous(; 

18 months 

19 days 

5-8 

Klephant 

50-00 yeiars 

19 months 

1 

Cat 

12-23 “ 

03 days 

4-8 

Rat 

3-4 “ 

23 “ 

10-11 

Deer 

20 

9 months 

1-2 

Raccoon 

12-13 

03 days 

4-0 

Skunk 

12 

03 “ 

4-10 

Porcupine 

10-12 “ 

0 months 

1 

Opossum 

7 

12-13 “ 

0-13 

B(^ar (black) 

20 

7 

1-2 

Coyote 

rj 11 

03 days 

5-7 

I^adscr 

10-11 “ 

42 “ 

2-5 

Cray wolf 

12 

03 “ 

7 9 

Bear (firizzly) .... 

20 

7 months 

2 4 

Cougar 

10 

97 days 

2-4 

Bynx 

11-12 “ 

<H) “ 

3-4 

Jaguar 

20 

100 “ 

2-4 

Goat 

12-11 ‘‘ 

0 memths (wild) 

5 “ (d()m(*.stie) 

1-2 

B(Migal tiger 

25-35 '' 

4 “ 

3-5 

Rhesus monkey. . 

30 

7 “ 

1 

Hippopotamus. . . 

39 40 “ 

237 days 

1 

Llama 

17 

11 months 

1-2 

Camel (Bactrian) . 

40 

409 days 

1 

Whah; 

90 -100 “ 

1 year 

1 

Rhinocero.s 

40 

19 months 

1 

T^emur 

31 ‘‘ 

7 “ 

1 

Chim]ainzoe 

31 

7 “ 

1 

Hare 

10 

5 “ 

4-8 

Guinea pig 

0-7 “ 

3 “ 

4-8 

S(iuirrel (gray) . . . 

0-15 “ 

0 weeks 

4-0 

Sea lion 

17 

10-1 month.s 

2 

Hyena 

14 

7 “ 

1-3 

Jackal 

14 

03 days 

2-4 

Fox 

14 

03 “ 

2-4 

Donkey 

25-30 “ 

12 months 

1 

Zebra 

20-30 

12 “ 

1 

Wild boar 

20-25 ‘‘ 

4 

4-0 

Giraffe 

19 “ 

12 “ 

1 

Antelope* 

17 

9 “ 

1-2 

Fruit bat 

17 

0 weeks 

2-4 
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BIRDS 


Name of Bird 

Length of Like 
(Years) 

Name of Bird 

Lbnqth of Life 
(Years) 

White-headed vulture 

100-118 

Cassowary 

26 

Parakeet 

120 

Skylark 

18-30 

Parrot 

120 

Canary 

24 

Golden eagle 

104-150 

Peacock 

24 

Falcon 

100-163 

Goldfinch 

23 

Cockatoo 

100 

Linnit 

23 

Eider duck 

100 

Magpie 

20 

Crow 

100 

Kiwi 

20 

Swan 

70-100 

Nightingale 

15-25 

Raven 

69-100 

Turkey 

16 

Heron 

60 

Pheasant 

15 

Goose 

50-80 

Partridge 

15 

Duck 

50-80 

Pigeon 

10-20 

Ostrich 

50 

Hen 

10-30 

Crane 

43 

Robin 

12 

Pelican 

41 

Thrush 

10 

Seagull 

40 

Goatsucker 

8-9 

Dove 

40 

Swift 

8 

Sparrow 

40 

Starling 

8 

Cuckoo 

32 

Wrfjn 

2-3 

Rhea 

30 




FISHES AND OTHER ANIMALS 


Name of Animal 

Duration of Life (Years) — Maximum 

Fishes: 


Carp 

150 

Salmon 

100 

Shark 

100 

Eel 

60 (Rome Aquarium) 

Danube catfish 

50 

Sturgeon (fresh water) 

40 

Herring 

20 

Trout 

5-10 

Bass 

5-8 

Sticklebacks 

3^ 

Minnows 

3^ 

Amphibians: 


Congo eel 

26 

Siren 

25 

Tree toad 

22 

Toad 

36 

Frog 

12-16 

Salamander (Japanese) 

52 

Newt (Japanese) 

25 

Newt (Spanish) 

20 
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FISHRS AND OTHER ANIMALS — Continu&l 


Name of Animal 

Dukation of Life (Yeaks) — Maxiiium 

Rejdiles: 

Giant tortoise 

200 

Alligator 

40 

Crocodiles 

100 

Crustacea: • 

Water fleas 

2-3 

Crab 

9 

Lobster 

9 

Crayfish ^ 

20 
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CHAPTER V 


SOUND; ITS PRODUCTION, PERCEPTION, AND 
FUNCTION IN THE BIOLOGICAL WORLD 

No matter whore one wanders in the field, he is r(^c('ived by a 
chorus of sounds emanating from divers sources. When a stranger 
invades th(i realm of wild creatures, his prcscnice is immediately 
announced by its inhabitants — tlu'ii all is still. All of tluvse noises, 
some of whicli are pleasant and others annoying, contribute to the 
formation of deep impressions concerning the world of naturcj. 

All of them are ‘'calls of the 
wild'^ (Fig. 21) and all of them 
have a real significance in the 
scheme of life. There are 
scores of these calls to be 
hoard in any situation. Per- 
haps it is the l^ellow of a bull 
moose as Ik? calls for company; 
a mother bird calls together 
her wand(?ring brood; a bull- 
frog croaks for the b('iiefit of 
his loved one; a squirrel chirps 
a warning to his follows as he 
scampers away; a cricket 
sings for its own amusement; 
a woodpecker drills into a 
hollow tree; a groundhog digs its burrow; these are but a few 
of the things one hears and which contribute to the concert in 
a woodland glade, in an open field, or along the margin of a pond. 
These constitute “the language of Nature about which poets 
write. To understand it is a joyful experience. 

There are three important phases of sound to be considered. 
They are: its produAion; its p(ircei>tion ; and its function. In 
human society, sound serves as a medium for communication, 
musical appreciation, warning against danger; and even for emo- 
tional expressions, varied as they may b(\ We humans classify 
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Fig. 21. “The call of the wild.” The 
coyote or prairie wolf. Courtesy Biol. 
Surv., U. S. Dept. Agric. 
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rounds into two cat(*gorios: (i) rnusic^al sounds and (2) noises. 
Noise is a social probhnn today; and while* it dcitracts from the 
full appn'ciation of the values of sound, the human capacity for 
h(*arins is one of man\s greatest bh'ssings. 

In th(* animal world sounds are produced by div(*rse structures, 
and in most instances these sounds play important roles in the 
lives and loves of those animals with which they are assoeaated. 

While* the*re* are* many crcature?s whie*h arei e*lassifie'd as “silent 
animals,” many of them i)roeluce sounels, the vibratory pitch of 
which is too high or too low for human perception. Just as the 
human eye* is capable of perceiving the light rays in only a small 
are; of the* spectrum, so toe) the human e;ar is capable; e)f de*te*cting 
only vibration freqiu'ncies l)e*tweH*n 20 (vps) and 2(),()0() (vps). 

It has been demonstrateel that lower animals may pro- 
diie’c anel de*te*e*t fre*(iue'ne‘ie's abe)ve and be'low the; se*ope of hu- 
man audition; anel to them, the*se senuiels apparently have a 
distine*t vah.ic. 

Li higher animals such as mammals and birds, sound production 
and the* e)rgans e*e)ne*e*rne*d in re'e*eiving sound wave;s are de;veloped 
te) a high de'greM*. In se)ine; fishe's, the air blaelele*!* is at time*s a sound- 
proelue'ing e)rgan. In fre)gs and toads, voe*al chords are pre;sent; 
but since the amphibia have no diaphragm or ribs, they cannot 
<*nlargi* the chest cavity. The air is taken into the mouth through 
the nostrils l)y le)wering the fle)or e)f the* me)uth. Tlie'ii the ne^strils 
are* cle)se*el, anel the floor of the mouth is raised; this forces the air 
back thre)ugh the e)j)en glottis inte) the lungs. The process is 
rev(*rseel in expelling air from the lungs. In male frogs there are 
ve)e*al sacs in the* floor of the mouth on e*ither siele, beneath the 
angles e)f the jaws. During the mating se*ason these sacs are in- 
flated and act as re'sonators. Croaking is effected by forcing air 
back and forth betw(*en the mouth cavity and the* lungs across the 
vocal cords. These are two slender bands stretched vertically 
across the* larynx. Observation of a (‘roaking frog will reveal a 
gr(*atly enlargi'd throat. The male croak is much louder and of a 
different tone than that of the h'lnale. Croaking is a mating call, 
and the s('xes answer each other. In addition to the mating call, 
frogs also have a warning call w-hich seems to be a signal to others 
that dang(*r approaches. A still different sort of cry is emitted 
when a frog is s(*ized by a snake or other enemy. This is sometimes 
des(;ribed as a pain cry. 
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Among the reptiles, few are noisy. The well-known rattle on the 
tail of the rattlesnake is the most unique warning signal among 
reptiles; and it is generally, but not always, used when the snake is 
disturbed. Some snakes, such as the hog-nosed “ adder or blow- 
ing viper,” issue a distinct hissing sound when annoyed. Croco- 
diles and alligators open their mouths when cornered and 
forcibly expel air in a hissing manner which is almost a bel- 
low. There is apparently no communication or mating call 
among reptiles. 

Among birds, sound is highly developed and functional. Song is 
used largely for courtship but the voice is used for various other 
purposes as well. A great many species of birds have warning calls. 
When a member of a flock of crows or jays, for instance, detects 
the approach of danger, it immediately warns its h'llows with 
violent calls which are unmistakable; and the whole flock takes to 
the wdng. When a hawk appears in the neighborhood of a barn- 
yard, the chickens set up a commotion and flee tow^ard safety. 
Guinea fowl, being capable of louder calls than chickens, are kept 
by some farmers solely for the purpose of announcing the presence 
of haw'ks in the vicinity. 

A victorious rooster invariably perches on a fence and issues its 
''crow of victory” after disposing of his adversary. This habit of 
announcing success in combat is characteristic of many wild beasts 
such as wolves, elephants, and lions. It is even indulgc'd in by 
humans, primitive and civilized. The cheers after wdnniiig athletic 
contests, and the '' whoopee” which so frequently announces the 
winning of almost anything from a bridge game to a coup on the 
stock market are manifestations of an inner urge on the part of 
nearly everyone, requiring considerable effort to repress. This 
urge is a remnant of the primitive ‘‘Tarzan call of triumph.” 
Indian hunters employed by the writer in the Amazon jungles 
invariably issued a shrill, blood-curdling yell after bringing down a 
wild animal with their arrows. The dance of victory executed by 
most savage tribes, usually accompanied by yells and the noise 
of tom-toms and other weird instruments, has its counterpart in 
parades held by victorious political parties and in the receptions 
tendered to victorious armies. In these, brass bands and divers 
noise-making devices play an important part. However, the crow- 
ing of a rooster in the morning is a waking call; and although it 
is not completely understood, it does serve to arouse a sleeping 
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populace. Not infrequently roosters crow during the night and in 
some countries the natives attach a significance to this habit. 
The writer once remarked to an old lady in Mexico about the 
night crowing of the roosters during the holiday season and 
her explanation was, “But, Senor, it is Christmas.^' To some 
people, the night crow signifies death or some other calamity. 
However, night crowing usually occurs on bright moonlight nights, 
which suggests that it is probably a light response. The use of the 
voice as a means of communication in birds is shown by the fact 
that a hen calls her chicks, and a rooster may call the hens when he 
finds a d('lici()us morsel of food which he desires to share with them. 
A mother ])ird coaxes her little ones to follow her or she may 
vehemently ]n’ot('st against disturbance. The ruffed grouse, 
having no voice with which to attract or serenade a mate, pro- 
duces th(» wc'll-known “drumming'^ by beating the air with its 
wings. Scratching and pecking are involuntary sounds, and they 
are usually pui^/w^rless except in so far as tapping on the tree 
trunk with the bill may reveal the hollow burrows of insects upon 
which the woodpeckers feed. 

Many animals have a variety of sounds which are purely emo- 
tional expressions. Dogs bark for joy, for food, and to scare away 
enemies. There are distinct differences in the tones of their bark- 
ing, too. Anyone who has followed the hounds in the hunt readily 
recognizes the bark of discovery when a rabbit or a fox is found. 
Dogs whine and bark to express displeasure or discomfiture. Some- 
times they wail when music is played, probably because of the fact 
that certain vibration frequencies make them miserable. J - 'cause 
of their gregarious nature, dogs call to one another at night. You 
have noticed that when one dog in the neighborhood be^-ks in the 
middle of the night, all of the others join in creating a general 
disturbance. Growling is a sure sign of anger or animosity. Just 
why a hound will point its nose toward the moon and bay is not 
definitely known; but it is probably a lonesome call, and it is 
undoubtedly associated with the mating impulse. It is indulged 
in by wolves, foxes, and coyotes, all of which are related to the dog. 
A howler monkey calls the troop together with loud, reverberating 
howls that send shivers down the spines of humans. This monkey, 
instead of having a normal hyoid bone or “Adam’s apple,” has a 
large, hollow sounding box. Pet and wild monkeys studied by the 
writer over a period of years showed that they have distinct vocal 
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expressions for fear, hunger, pleasure, anger, and fatigue. Cats 
purr when contented, and they squeal and spit when angry. They 
express their mating desires with a variety of “ meows, usually 
at night. Horses neigh to others and snort when frightened or 
impatient. A mare will whinny when her colt wand(‘rs afar. 
Mules, burros, and jackasses emit uncanny, communicative calls 
to others of their kind. The woodchuck is sometimes called a 
whistle pig because of the noise it makes when angry or frigh timed. 
Many rodents chatter their te(>th when in a fighting mood. Squir- 
rels chirp when they see an enemy, while lambs and calv(\s bawl or 
“baa” for their mothers. Bats squeak for communication pur- 
poses so that sounds reflected from nearby and unseen objects will 
guide them in flight. Beavers slap the ground or water witli their 
broad, flat tails to warn other beavcTs when danger a{)p('ars. 
Scores of nocturnal animals call their mates. Tliere sc'cnis to bo 
little doubt that animals have lonesome calls or that many of them 
produce sounds apparently because they like to hear thenis(dv(»s. 
F]ven human studies seem to substantiate this conclusion. Then, 
too, the frequent song of the wren and the nightly outbursts of the 
yellow-breasted chat and other birds do not s(H»m to be redated to 
survival habits. Animals confined in zoos roar, howl, and wail, 
apparently for exercise; and much of the crying of human infants 
is designed for exercise. Some of the smaller spiders stridulate, 
but the function of the sound is unknown. 

While the sounds of lirgluT animals are diverse and interesting, 
the most remarkable interpn^tations of sound arc to Ix' found in 
the insects. Insects have no voice's and those' that elo ])re)diie*e> 
sounds have me'chanical contrivance's known as stridulating e)rgans, 
as a rule, although sounds are sometiine*s ])roeliiced in othe'r ways. 
The music-making apjmratus is as variable; as the sounds, thear 
functions, and the manner in wliiedi tlu'y are detecte'd. 

One order, the Orthoptera, stands out among the inse'cts fe)r its 
musical members. This group, whiedi inetludes the crick(*ts, katy- 
dids, and grasshe^ppers, is usually re;fe'rred to as the “singing e)rd('r.” 
However, many other ins(;cts produce sounds for ce)urtship, 
distress, assembling communication, and for otlie'r puipose;s. 
Among these are eacadas, larvae of several kinds, bees, ants, wasps, 
butterflies, moths, flies, tr(;e crickets, termites, and numerous 
beetles. The “cricket on the hearth” revc'als itself by its (diirping. 
The true crickets have ^o flying wings, but the stiffened wing covers 
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(togmina) arc provided with a finely toothed area on one wing 
and a file-like, rasping structure on the other (Fig. 79). By raising 
and low(*ring the wing covers, these structures are rubbed together, 
producing the well-known chirp. Tliii number of chirps per minute 
is de])end(‘nt upon th(i t(^mi)(^rnture and it has been shown that the 
chirj)ing increase's with a rising temperature. Only male crickets 
sing, and the song is (evidently lor purposes of courtship. Some- 
times t he male aea’ompanies tfie female on her egg-laying journeys; 
and he serenade's l.c r a^; slie? de'pe)sits the e'ggs in the soil. The 
locusts (short-horned grasshof)pea*s) have a re)w of very fine te'eth 
on the' inne r surface e;f e-ae-h hinel le'g. The'sei arc rubbc'd up and 
down (j\'(‘r hardenu'el ve'ins in the te'gmina e)r front wings in a sawing 
movement. I Vually both se'xe's stridulate and answer each either. 
The' tone ejf tlcc IVniale^ is slightly different from that of the male 
anel e'ae'h se x se'cnis to be aide to elistinguish that of thej e^theT. The 
various s u'cie's of locusts can be iele'utifie'd ))y their songs. In the 
iong-h<n:i(‘d . I •.>•)! )e'rs {Acrididar), the strielulating organs are 

locate ; 1 at the* base* <:f the front wings; anel they are l)rought into 
contact 1)3" the e)verlapping e)f the wings. The katydid sings in this 
way, mid its wing e*e)vers bulge enitwarel as though inflated with 
air, tluis ]ire>vieling a re.'sonant chami)er whie*h intensifie's the sound. 
One* native roaelsiele grasshe>ppe‘r {Dissostcira) makes a crackling 
ne)ise in flight by striking the frenit wings against the harele'iied 
ante'rinr margin (e*osta) e)f the hinel wings. A Senith Ame'rican 
butte'rflv, Angcronia, make's a similar nedse in flight. AVdieii pur- 
sue'el, it flies noisily for a fe'w seconels, pre)e hieing sounels like striking 
two woexle'ii ble)cks te)g('the'r, and tlu'ii suddenly drops ii;»oii a 
plant and re*mains motienile'ss. The writer while collecting these 
forms \vas e-onfuse'el by the* sudden ce.ssation e)f the senmels.; and this 
is j)ro!)ably a wa}" in whie*h the'y throw tlu'ir ene'inie's off the* track. 

Man\" inse'cts, neMabl3" be'e's, was])s, mosquitoe's, and flies, make a 
buzzing se)und by vibrating their wings. A heuie'yl^ee vibrates its 
wings ‘'4()/se*c., jiroelue'ing the jdteh of A', anel the housefly vibrates 
its wings 83o/se'e'., jireielucing the pitch of F'. A fl3' can hum, 
howe've'r, e'\'en if its wings are hekl e>r ele'tae'lu'd. This is accom- 
plishe'd 1)3" vibrating mc'mbranenis pre)je^ctions behind tlie thoracic 
spirae le's. IIone*3d)ees anel bumble be'os se'cm to express their 
emotions by edianging the pitch e)f their humming. This is done by 
changing the vibratiem fre'euie'ncie\s of their wings. You have 
probably notie*e'd he)w epiickl^" the intensity and pitch of the 
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change when a bumble bee, mud wasp, or honey bee is 
disturbed. 

There are many beetles and some moths (particularly Sphin- 
gidae) which produce sounds by wing vibrations. The May beetle 
or ‘‘June bug” and other larger beetles have a low vibration 
frequency; and when they fly close by at night, they sound like 
miniature airplanes. Many beetles such as whirligigs {Gyrinidae), 
water scavenger beetles (Hydrophilidae), milkweed beetles (Tet- 
raopes), and other long horns (Cerambycidae), and (*liek beetles 
{Elateridae) produce sounds by rubbing the prostcrnum against 
the mesosternum. The noise produced is usually a high-pitched 
squeak or, as in click beetles, a snapping noise. The passalid becitle 
has two dorsal, abdominal rasps against which the hardened front 
wings (elytra) are rubbed, while the dnigstore or “death watch” 
beetles {Ptinidae) communicate with others by tapping the wood 
on which they stand with the hardened lower part of the head. 
Both males and females call each other in this way. Passalid larvae 
which live within dead recumbent logs can stridulate with their 
third pair of legs, while other larvae sometimes produce a grating 
sound by rubbing their chitinous jaws against wood. An African 
tenebrionid beetle raises its abdomen and lets it fall in (piick 
succession on the hard substratum just as a policeman calls for 
help by pounding the sidewalk with his stick. Termites which are 
blind also pound the wood with their chitinous jaws to communi- 
cate with others. They keep together in this way. 

The cicadas are the champion songstc'rs of the insect world. 
These insects are found in many parts of the world, ('si)ocially in 
tropical regions where their contribution to the concert of animal 
sounds is certainly distinctive. A commonly heard South American 
cicada which sings only late in the afternoon has two tones. Sound 
is produced in the cicada by a highly specialized vibrating organ 
located on the abdomen at its base. It consists of t^^'o shell-like 
drums, each operated by a special mus(?le attac'hed to the iniu^r 
surface. The muscles cause these drums to vibrate rapidly, thus 
producing the shrill, well-known, extended song. TIkj sound is 
intensified by two membranes located near the drums. These 
membranes serve as sounding boards. Only male cicadas sing; 
as someone has facetiously statc^d, “The cicada leads a joyful 
life, because he has a voiceless wife.” 

Sound production implies its perception and most animals are 
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eauipped with apparatus for recording sounds. On the short- 
horned grasshoppers the ears are situated on the abdomen. They 
consist of kidney-shaped membranous tympana or ear drums sur- 
rounded by horny rings and located one on each side, just beneath 
the wings. The katydids and crickets have smooth, elongated 
tympanal areas on the inner sides of the tibiae of the front legs. 
Other tympanal structures which are apparently auditory in 
function are located on the front tibiae of termites and stoneflies. 
Similar structures are found on the femora of the hind legs on head 
lice and on the tarsi of some beetles. There are structures, known 
as sensilla (Johnston\s organ), on the antennae of some insects; 
and these are thought to be auditory. Ants, bees, midge flies, and 
other insects probably hear in this way. The plumose antennae of 
male mosquitoes receive, sympathetically, the sound waves pro- 
duced by the vibration of the thread-like antennae of the females. 
On caterpillais, adult butterflies and moths, spiders, and flies, 
there are seiisUh hairs w’hich record sounds; while many creatures 
in contact with the substratum merely receive vibrations through 
their hardened internal or external skeletons. Just as Indians 
used to place their ears to the ground to listen for the approach 
of possible enemies by detecting the vibrations produced by the 
tread of their feet, so too many subterranean animals such as 
earthworms, lizards, snakes, insect larvae, and rabbits hear through 
the ground. Fishes, which are very sensitive to disturbances in 
water, are thought to hear through delicate nerves attached to 
the body scales on the lateral line, although an auditory apparatus 
is also present. 

The highly developed internal auditory organs of higher ani- 
mals are frequently supplemented by external trumpet -like ears 
to catch sound waves. In many animals (horses, cattle, deer, 
rabbits) the external ears are movable and can be turned toward 
the direction of the sound. In birds, of course, external ears would 
be impedimenta in flight. 

One of the most interesting studies in connection with sound is 
the tabulation of the singing periods of the various noise-making 
species. Not only can we learn to identify animals by the noises 
they produce', but we can become familiar with the significance 
of these sounds and ascertain the time of day or night at which 
the organisms carry on certain of their activities. Such studies 
will greatly enrich our appreciation of the world of living things. 
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From the foregoing account it is evident that sound is an im- 
I)ortant factor in the lives of animals and that not only do most 
animals utilize it in some way or another ; but they are able to dis- 
criminate among sounds and to interpret them in terms of danger, 
defense, love-making, distress, and communication. 



PART II 

THE KINDS OF ANIMALS AND WHERE 
THEY LIVE 




CHAPTER VI 


THE CLASSIFICATION OF ANIMAL HABITATS 

In the vstucly of both animals and plants, it is important to 
learn the habitat of every species. The thousands of organisms 
to be found in (n'ery locality are distributed according to the 
variety of conditions or environmental situations presimt. Many 
of these organisms are restricted to . 
limited areas within a district. The 
classification of organisms as aerial, 
arboreal, terrestrial, subterranean, and 
aquatic is far too general to allow the 
interpretatio.io specific adaptations 
of s(‘lectiviti(\s. The aquatic forms, for 
instance, may be surface dwellers 
(stridors and whirligigs), inhabitants 
of the bottom trash (libellulid nymphs, 
toad bugs, bloodworms, etc.), asso- 
ciated with plants (wat(T scorpions, 
boatmen, backswimmers, aeschnid 
nymphs), fr(?e swimmers (fishes, sala- 
manders), or floaters (plankton ani- 
mals). Some of them live in still water, 
while others are to be found only in 
running water. A hillside spring will 
harbor animals that are not to be pici. 22. Hydra, a frosh- 

found in the brook that carries away water coelenterate (much 
the overflow from the spring. Then, ^“***'**6^^). 

too, the cool, shaded brook will be populated with organisms that 
could not possibly live in a slow, ex])osed, meandering creek, or 
in a pond. Furthermore, the brook inhabitants will not be dis- 
tributed generally throughout its length; but they will be arranged, 
geographically, in definite strata in the brook according to rapids, 
pools, waterfalls; or they will be on the surfaces or under stones; 
in excavations or along the shore; in collections of debris or free 
swimming. Some of the organisms in these specific strata are 
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definitely confined to them and perish if they are transferred to 
different conditions. Under the discussion of water life', the fac- 
tors involved in this distribution are explained. 

Likewise, the terrestrial organisms may live in woodland areas, 
open fields, or underground. They may bo prairie, desert, marsh- 
land, or sand-dune dwellers. They may live in ravines; on hill- 
sides; or among rocks. Some of them 
^ arc active during the day, while others 
g are strictly nocturnal. Some can tol- 

I orate dry soil, while others require 

I considerable moisture'. These' selec- 

tivities apply to plants as w('ll as to 
animals. For instance, skunk cabbage, 
ferns, orchids, adder\s tongue, and a 
_ host of otlu'r plants require damp or 

wot, shady iJaces; while daisic's, brown- 
eyed siisans, goldenrods, iron weeds, 
jt and the like live in opc'u^ ('xposc'd 

fields. Other plants such as me'sejuitc', 
chaparral, and cacti prefer sandy soil; 
and they seem to thrive' in almost 
desert conelitions where there' are' lemg 
Z periods of elrouth. Many e)[' tlie'se 

f plant se'k'e^tions can be obse'ive'el by 

M the ale'rt stuelent in the yarels along 

^ city stree'ts in the residential se'ctions. 

Fig. 23. A potter wasp and Thus it is necessary to cie'arly and 
clay nest. From Sanderson accuratedy describej the lial)itats in 

properly interpre^t them in te'rms of 
environmental conditions. It is obvious that in observing and 
collecting animals, succe'ss deqx'iiels upon a knowleelge of the'ir 
activities, which may be; modified by a host of factors including 
clouds, sunshine, temperature, season, humidity, time of day, and 
the presence of the collector. 

One of the chief values in habitat study is that tiie ardent field 
student soon learns to know where to find particular animals and 
plants; and he can, after a little field experience, predict what 
animals and plants will be found in a given situation. 

With the hope that it may be of assistance in guiding the student 



THE CLASSIFICATION OF ANIMAL HABITATS 133 


ill making field observations and records, an abbreviated sum- 
mary of animal habitats is given here. 

Each of theses situations harbors a set of organisms which is 
more or less specific for th(i situation itself. This set of organisms 
is known as an association, in which there arci to be found the 
plants and animals ordinarily indigenous to that particular kind 
of situation. For (example, there is the dead log association. This 
compris(\s a set of animals which can always be expected in a 
recumbent , decaying trunk 
of a tree. It inclu(l(\s cen- 
tipedes, millipedes (mostly 
Polydrfi)niflar)j wood lice, 
spi(l(M’s, termite's, ants, 
slugs, land snails, (nigraver 
beetle's, the* flattc'iK'd cu- 
cujid l)('('tles, ])assalid 
b('etl('s and l.^rvae', 

click Ix'etles and tlieir 
larvae, 1 h(' wireworms, 
fungus b(*(‘tl('s, larvae of 
fungus gnats, cockroaches, 
sowbugs, collembolans, 
thysaiiurans;and in hollow 
space's there may be toads, 
skunks, d('('r mice', sala- 
manelers, anel either ani- 
mals which se*('k shelte'r 
anel safety in cre'vie*e's. It must not be suppeiseel that all of these 
fen-ms will be' founel at the same time'. The stage's eif eU'e ay result 
in a suc(*cssion e)f animal inhabitants, and the degre'e e^f elisintegra- 
tion will de'tcrmine the' asseieaations te) be feiund at anyone time. 
Then, too, the'se> animals oc'eaipy various rc'gions such as on and 
beneath the bark; in crendee's; eir in the he'art of the weieid. But 
the' leig eir stump im'sents itself as a definite stratum in which a 
definite* assoe*iation of animal feirms which is characteristic is to 
be founel. Like'wise, e'ach of the oute*r situations mentioneel in this 
abbreviate'd classifie*atie)n eif habitats is also a confineel .situation, 
populate'el by its own spe'eific ceite'rie of indivieluals. The extensi- 
ties e)f habitat stuelie's can be' better apiireciateel by reaeiing 
She'lforebs Animal Communities in Temperate America, and Animal 





A B 

Fig. 24. A crayfish. A. Dorsal view; 
b. Ventral view. 
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Ecology by Pearse. The student of nature should be assigned 
individual problems of this sort, and an entire class will profit 
greatly by attacking the local fauna from the standpoint of asso- 
ciation studies. 

All of the conditions such as locality, specific situation, weather 
conditions, time of day, and the date should be carefully noted 
and recorded with each observation or with each specimen col- 
lected. This is more important than one might suppose. Such 
records will develop the ability to find animals more easily, and 
they will indicate many of the habits of a species including the 
periods of activity. 

The habitats, with suggested examples, are as follows (it is 
obvious that only a few representatives in each situation can be 
listed here) : 

I. Terrestrial animals 

A. Subterranean animals (moles, earthworms, insect larvae, ants, 

roundworms) 

1. Kinds of soils (clay, sandy, humus, rocky) 

a. Animals that spend all or most of their lives underground 
(moles, earthworms, roundworms, termites) 

b. Animals that dig for shelter (chipmunks, snakes, toads, 
gophers, badgers, woodchucks, rats, mice, muskrats, digger 
wasps, bumble 'bees, rabbits, carrion beetles, tiger beetles, 
ant-lions, moths, isopods, crayfishes, social wasi)s, bank 
swallows, kingfishers) 

C. Animals thatT dig for food (skunks, armadillos, l)adgers, 
raccoons, opossums, scratching birds) 
d. Cave-dwelling animals (bats, insects, fishes, myriapods, 
spiders, collernbolans) 

(1) Permanent residents of caves (cave crickets, sj^iders, 
millipedes, crayfishes, collernbolans) 

(2) Transients (bats, bears, foxes, weasels, rats, mice, 
snakes) 

(3) Aquatic (fishes, crayfishes, worms) 

B. Animals above the surface of the ground 

1. Animals on wet ground (salamanders, frogs, isopods, snails, 
insects, birds) 

2. Animals on dry sand (spiders, grasshoppers, ant-lions, robber 
flies, wasps, snakes, lizards) 

3. Animals on medium-dry ground (ground beetles, millipedes, 
snails, earthworms, mammals, amphibians, insects, birds) 

4. Animals on rocks . 

a. Animals in crevices (spiders, snakes, myriapods, salaman- 
ders) 



THE CLASSIFICATION OF ANIMAL HABITATS 135 


b. Animals on the surfaces of rocks (snails, insects, spiders, 
lizards) 

5. Animals on the forest floor (frogs, toads, myriapods, beetles, 
collembolans, thysanurans, spiders, salamanders, mammals, 
oven bird, grouse) 

6. Animals in neglected, open fields (meadow lark, quail, sparrow, 
meadow mice, beetles, bugs, spiders, m3rriapods) 

7.. Animals on plains or prairies (cattle, coyotes, gophers, badgers, 
magpies, bison, lizards, toads, spiders, snakes) - 

C. Desert animals (nocturnal or diurnal) 

1. Animals associated with desert plants (insects, scale insects, 
spiders) 

2. Active predators (lizards, snakes) 

3. Sedentary predators (ant-lions, spiders) 

4. Burrowing animals (kangaroo rats, birds, lizards, ants, spiders) 

II. Animals associated with plants (nocturnal or diurnal) 

A. Animals associated with trees 

1. Animals on the leaves, twigs, flowers, and fruits (aphids, scale 
insects, beetles, ants, caterpillars, birds, spiders, squirrels) 

2. Anliiiaia living on the trunks or branches (aphids, moths, 
beetles, bugs, birds, wasps, bird nests) 

3. Animals living in cavities in trees (wrens, woodpeckers, mar- 
tins, opossums, raccoons) 

4. Animals living in the wood of growing trees (wood-boring 
l)cetlcs, larvae of sawflies, carpenter ants, termites) 

5. Animals living under the bark (engraver beetles) 

6. Animals living in dead wood (centipedes, millipedes, horntails, 
ichneumons, beetles, and their larvae) 

B. Animals associated with shrubs (as above) 

1. Animals on leaves, twigs, flowers, and fruits 

2. Animals living on the trunk or branches 

C. Animals associated with herbaceous plants 

1. Animals feeding on leaves (caterpillars, bugs, leaf miners, 
aphids, beetles) 

2. Animals feeding on the flowers and fruits (beetles, moths, 
butterflies, bugs, bees) 

3. Animals hiding in flowers (spiders, thrips, beetles, bugs) 

4. Animals living on the stems (aphids, ladybugs, ants, scale in- 
sects) 

5. Animals living in the stems (ants, gall midges, gall wasps, 
insect larvae of many kinds) 

III. Aerial animals (nocturnal, crepuscular, or diurnal) 

A. Passively flying animals 

1. Ballooning animals (spiders) 

2. Gliding animals (flying squirrels) 

B. Actively flying animals 

1. Active fliers (bats, birds, insects) 
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IV. Water animals 

(In the determination of life histories and habits it will soon be- 
come evident that some aquatic animals are permanent residents of 
the water; and others sf)end only a portion of their lives as truly 
aquatic individuals; while still others are merely occasional visitors 
to the water.) 

A. Animals of flowing water 

1, Animals of rapidly flowing water 

a. Animals of springs (salamanders, crayfishes, fishes, water 

striders, water sowbugs, May fly nymphs, dragon fly 

nyjaphs) 

(1) Animals on the surface of the water (striders, whirli- 
giR«) 

(2) Swimming and crawling animals (fish, salamanders, 
larvae, Crustacea) 

(3) Sessile animals (br>7)zoans, hydra, sponges) 

(4) Burrowing animals (crustaceans, fishes [for breeding], 
dragon fly nymphs) 

b. Animals of brooks 

(1) Animals on the surface of the water (watcT striders, 
floating terrestrial insects) 

(2) Swimming animals (trout, minnows, darters. ami)hi- 
pods, water snakes, salamanders) 

(3) Animals on the stones (flatworrns, caddis flies, water 
pennies, stonefly nym])hs, !May fly nym])hs, eggs of 
fishes, insects, and salamanders) 

(4) Animals under stones (crayfishes, fishes, hellgraininites, 
water sowbugs, water snak<is, salamanders) 

(0) Burrowing animals (dragon flies, crayfishes, fishes) 

((3) Animals in the rajnds (water pennies |Cole()i)ti‘ra|, 
May fly and stonefly nymphs, flatworins, darbus, stone 
rollers) 

(7) Animals in the pools (minnows, water ])iigs, dytiscid 
beetles, brook beetles, hydrophilid beetles) 

(8) Animals on the face or at the brink of watcTfalls ((-addis 
fly larvae, black fly larvae, stonefly and May fly 
n^’^mphs) 

(9) 'I'errestrial visitors (raccoons, muskrats, opossums, 
otters, snakes) 

2. Animals in slowly flowing water (perch, pickerel, carj), bass, 
sunfish, catfish, mud pufipy, snakes, insects, mussels, snails, 
caddis fly larvae, horsefly larvae, bloodworms, otters, musk- 
rats, whirligigs, striders) 

a. Animals of creeks 

(1) Animals on the surface (striders, whirligigs, birds) 

(2) Swimming animals (fishes, salamanders, nymphs, 
crustaceans) 
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(3) Animals associated with plants (damsel fly nymphs, 
water hugs, snails) 

(4) Plankton animals (daphnia, ostracods, cyclops) 

(5) Aniinals in shallow water and pools along the shore 
(fishes, brook beetles, salamanders, crayfishes, water 
bugs) 

(0) Bottom animals (catfish, sucker, mussels, nymphs, 
salamanders, caddis worms) 

(7) Terrestrial visitors (spiders, raccoons, snakes, muskrats, 
marten, fisher, mink, otter) 

b Animals in rivers (all fresh-water fishes, hellbender, nec- 
turus, snakes, mussels, snails, insects, otters, muskrats, 
crayfishes) 

(1) Animals on the surface of the water (birds, striders, 
gyrinids) 

(2) Swimming animals (same as with creeks as a rule, Imt 
larger fishes such as alligator gar and channel cat- 
fish) 

(3) Animals associated with j)lants (insect adults and larvae) 

(4) l^lMTikton animals (minute crustaceans) 

(5) Animals along the shore: birds (herons, sand])i])er, 
kingfisher, etc.), mammals (otter, mink, raccoon, 
muskrat, etc.), insects, reptiles, amphibians 

(6) Bottom animals (mud pupi)y, catfish, hellbender) 

(7) Terrestrial visitors (mammals, birds, snakes, toads, 
salamanders) 

B. Animals in standing water 

1. Animals in lakes and ponds (ponds with sandy bottoms — 
]ionds Avitli mudd^’^ bottoms) 

a. Animals on the surface of the water (striders, whirligigs, 
inos(]uito pupae, collembolans) 

b. Animals associated with plants (dragon fly nyinjflis, •i.misel 
fly nyni|)hs, water scorpion, boatman, backswiiinner, water 
ineasunM*, snails, amphipods, egg masses of snails and in- 
sects) 

c. Animals along the shore 

d. Bottom animals (dragon fly nymphs, bloodworms, caddis 
fly larvae, Avorms, horsefly lar\'ae, soldier fly larvae, 
copepods, ostracods, crayfishes, catfish, wattu* sowbugs, 
mussels) 

e. Swimming animals (fishes, salamanders, turtles, snakes, 
roundworms, beetle's, water bugs) 

f. Floating animals (plankton, eggs of salamanders, bryozoans) 

g. Sessile animals (bryozoans, sponges) 

li. Terrestrial visitors (si)iders, raccoons, IisIh's, marten, otter, 
mink, snakes) 

C. Marine animals 

1. Animals on the lieach (three groiii)s: residents: visitors from 
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the land; and forms accidentally cast upon the beach by the 
waves) 

a. Animals on sandy beaches (hermit crabs, worms, beetles, 
bugs, clams, etc.) 

b. Animals on rocky beaches (octopus, barnacles, snails, etc.) 

2. Animals on the beach above water (crabs, spiders, insects, 
birds, etc.) 

a. Burrowing animals (clams, worms, snails, crabs) 

b. Animals inhabiting shells (crabs, insects, spiders) 

3. Animals above high-tide level 

4. Animals in the intertidal zone (sand dollars, fiddler crabs, 
clanio. sea urchins, barnacles) 

5. Animals in the drift line (jellyfishes, starfishes, brittle stars, 
sand dollars, sea urchins, sea cucumbers, six)ngcs, corals, 
numerous mollusks, fishes, crabs, shrimps, amphipods, cope- 
pods, isopods, eggs of skates and mollusks, worms, scavenger 
insects, tiger beetles, sand spiders) 

6. Animals in the water 

a. Animals in the shallow water along the shore (fishes, hy- 
droids, clams, Crustacea, worms, anemones, ascidians) 

b. Animals in tidewater pools (urchins, starfishes, horseshoe 
crab, sea cucumbers) 

c. Floating animals (jellyfishes, ctenophores, plankton, cope- 
pods, birds) 

d. Sessile animals (barnacles, hydroids, sponges, corals) 

e. Animals swimming near the surface (larvae of crabs and 
starfishes, dolphins, arrow worm, whales, birds) 

f. Animals in deep water (cetaceans, corals, fishes, ascidians, 
echinoderms, squids, etc.) 

g. Animals in brackish water at the mouths of creeks or rivers 
(fishes: herring, flounders, pipefishes, catfish, eels; cetaceans, 
oysters, ship worms) 

V. Animals found on animals (only external parasites are considered 
here) 

A. Parasitic animals (lice, mites, ticks, fleas, mosquitoes, leeches, 
horseflies, botflies, bedbugs, sheep tick) 

1. Permanent parasites (lice, bee lice [flies], some mites, strepsip- 
tera, and ticks) 

2. Temporary parasites (mosquitoes, fleas, ticks, mites, bugs, 
horseflies, black flies, leeches) 

B. Animals living on other animals but not parasitic (sponges on 
crabs, barnacles on oysters, and fishes attached to sharks) 

VI. Animals inhabitiAg structures made by man (rats, mice, bats, snakes 
[house, black], pigeons, sparrows, starlings, bedbugs, cockroaches, 
ants, spiders, sowbugs, skein centipedes, moths, crickets, dermestid 
beetles, houseflies, fruit flies, mud wasps, fleas, termites, etc.) 
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THE LIFE IN CAVES 

Subterranean caverns have always commanded the interest of 
people in general and nearly every large cave is associated with 
tales of i)irates, treasure, and gargantuan beasts. The dark re- 
cesses have always attracted adventurers who, 
equipped with chalk, string, whistles, and torches, 
have tremulously explored them with palpitating 
hearts and with quickened breath. Foreboding and 
yet alluring, caves have been mysterious worlds, 
stirring the imagination of the ages. 

Caves have ueeu used by animals and humans 
since time immemorial. Those of southwestern 
France have contributed a great deal to our knowl- 
edge of th(i cultures of primitive man. Many ani- 
mals still utilize the protection offered by caves 
for hibernation. 

In reality the cave is a world in itself with a pop- 
ulace of living things that is unique, diverse, and 
highly specialized. To the botanist and zoologist 
this living world is an entity wdiich presents some 
interesting problems pertinent to a full understand- 
ing of adaptation, distribution, and survival. 

There are thousands of caves throughout the Hogner, CoUegt 
world. In the United States they represent time, Zoology^ The 
young and old. Some of them are of comparatively Compjmy ^ ^ ^ 
recent origin, while others were in existence long 
before tlie last glacial descent. Each type exhibits charac- 
teristics which have assisted in determining many of the factors 
involved in the building up of a cave association; and in the older 
ones there is a fossil fauna which indicates what animals lived in 
prehistoric times and how these animals wore distributed through- 
out the world. In Pennsylvania, for instance, the fossil remains 
of tapirs, peccaries, and ground sloths have been found in 
caves. 



139 


140 


THE LIVING WORLD 


The largest and most spectacular caves of the United States 
are: tlie Mammoth Cave in Kentucky, which is ten miles in length 
and part of a gigantic network of tortuous, subterranean channels 
extending through a large section of Kentucky, Tennessee, Indiana, 
and Missouri ; Luray Cav(^ in Virginia, another largci cavern having 
around it a great number of smaller caverns picturescpie because 
of the assortment of stalactites and stalagmites found in them; 
the Shenandoah Valhjy with its host of smaller caverns; the 
Wyandottci Cave in Indiana; Carlsbad Cavern in Now Mexico; 
the Port Kennedy Cave in Pennsylvania; and an innumerable 
numl)er of smaller ones recently discovered because of the public 
interest in ca\'es. 

There are two outstanding physical characteristics of caves; 
viz., the al)sence of light and a nearly uniform t(‘mperature. It is 
evident that the first of thcs(i conditions has a greater effect upon 
organisms than the latter. There are three distinct habitat regions 
within a cave, and each harbors a specific association of animals 
and plants. 

1. The transition region (dysphotic) lies at the mouth of the 
cave, and its limits are determined by the distance? to which exter- 
nal light penetrates. This is not a real cavernous haljitat, however, 
since conditions vary considerably with the seasons; and they 
are largely determined by conditions outside the mouth of the 
cave. 

Bats, nocturnal insects', cave rats, white-footed mice, spiders 
owls, toads, snak(?s, and a host of other animals are to be found 
in the transitional region, but their presence there is diu* to a 
desire on their part to escape the light. Many animals when 
pursued will seek the safety of a cave. Most of the animals in the 
transitional region are only temporary residents. 

2. The region of fluctuating temperatures is usually one. of 
darkness, but in it seasonal fluctuations of temperature are felt. 
The animals and plants of this region can be found in many 
smaller caverns and crevices since it is not a truly cavernous realm. 

3. The inner cave region is an independent stratum where 
there is a total absence of light and little variation in temj:)erature 
throughout the year. In some of the larger caves the temperature 
does not vary one degree during an entire year. In this n^gion 
there is to b(i found the unique assortment of plants and animals 
that can correctly be called the caverniculous flora and fauna. 
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In the inner cave region there is considerable moisture, as a 
rule, although in some sections of the larger caves the dirt is dry 
and powdery. The cool breezes frequently encountered are tlm 
convection currents caused by the flow of water and the d(jscent 
of breezes from the outside. 

Many caves have springs, brooks, or rivers in which there exist 
a variety of life including fishes, crustaceans, and salamanders. 
The terrestrial animals include insects such as thysanurans, camel 
or cave crickets, beetles, and collembolans. All of these, both ter- 
restrial and aquatic, exhibit remarkable adaptations. Most of 
them are whitish and lack the coloration and countershading 
which is typical of forms on the surface of the ground. These 
conditions fost('r a limited association of animals which exhibit, 
in general, a curious assortment of adaptive h'atures. A great 
number of cave inhabitants are eyeless; i?i many forms which do 
have ey(*s, th(i eyes are rudimentary or vestigial, and they are 
not funetiouu,!. 

The bodies of cave inhabitants are usually long and sl(*nder 
and the api^endages are considerably lengthened as a rule. tSince 
most cave animals are l)lind and could not see in the stygian 
darkness even if they did have functional (yes, they must depend 
upon their otiu'r sense's for getting alxnit, finding and discriminat- 
ing among fejods, and for d(‘feiise. The k'ng appeiidagt's probably 
are highly specialized sensory organs and they compensate for 
the lack of vision. 

One of the most remarkable h'atures of cave animals i.s the 
modification of the digc'stive organs. Food is ai)i)ar('ntly scarce 
\n caves, and the inhabitants have become accustonu'd to long 
periods of fast. This naturally implies irregular dig(\^tivo activity, 
‘riie organs of digestion have then'fon* become modified to meet 
the exigencies of these conditions; and in .some forms that have 
been studic'd, there is a highly efficient utilization of whatever 
nutrient th(' food contains. 

Th(^ source of cave faunas is of interest. Whence came these 
strange inhabitants of the dark recesses below the earth^s surface? 
This question cannot be answered in a single statement. Many 
forms, both plant and animal, are accidental residents derived 
from epigeaii ancestors. Thc^ aquatic fauna is related to that of 
the cr('('ks and rivc'rs that flow over the surface of the ground, 
and th(y hav(^ been swept into these abyssal regions by strt'ams 
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that disappear into crevices and sinkholes. There are over four 
thousand sinkholes through which surface waters pass under- 
ground in one county in Kentucky. Many of the animals char- 
acteristic of subterranean waters have been there for so many 
years that in each succeeding generation through adaptive re- 
sponse they have become as they are. This is shown by the fact 
that some of the blind, colorless, caverniculous animals develop 
eyes and color when reared under normal conditions. However, 
accidental carrying cannot completely and satisfactorily explain 
the present anitaal associations of caves. 

There is no doubt that some of the inhabitants are voluntary 
migrants, having gradually penetrated the dark recesses in suc- 
cessive generations; while many of the animals have probably 
developed along with the caves. It is also certain that animals 
accustomed to living without light voluntarily assembled in caves. 
This is indicated by the fact that most cave-dwellers are feeble- 
bodied creatures w^iich, because of their lack of adequate de- 
fense, originally sought shelter in darkened crevices. 

Finally, the absence of suitable habitats probably caused some 
fossorial animals and animals which normally lived under stones 
to select caves. The white-footed mouse is an illustration of this 
secondary selection. 

There are many and varied explanations of how the modifica- 
tions of cave-dwelling animals were effected, but there is one 
thing obvious: cave-dwellers all conform to a type (light color, 
long appendages, etc.) due to convergence. Living under a similar 
set of conditions for a long period of time is conducive to the 
establishment of a definite type for that set of conditions. This is 
convergent evolution and is well illustrated by deep-sea life and 
water life. 

As to plants, there is not much to be said. Light is almost 
essential to all plants and especially to green ones. Consequently 
there are no green plants in caves. There are a number of fungi 
including molds and mushroom types. The species and indi- 
viduals are few, however. One parasitic fungus has been found 
growing on the bodi^ of cave crickets. 

When caves are accessible, the student of nature should not 
overlook their possibilities. The life in crevices and in the dark 
recesses of shale banks and in excavations will exhibit a few char- 
acters of subterranean life. 
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CHAPTER VIII 


WATER LIFE; ITS GENERAL CHARACTERS 


A. 


B. 


In every wpiing, stream, pond, and swamp there abound numor^ 
ous animals which constitute a comparatively mysterious and 
unknown, but highly specialized, stratum of living creatures. 

A study of the commoner members of the aquatic association 
will reveal some of the most 
interesting interrelationships 
of organisms — plant and ani- 
mal. 

In the water are to be 
found the of some 

of our most spectacular ae- 
rial forms as well as the most 
astounding evidences of con- 
vergent evolution. 

Just as there is an evident 
distribution of terrestrial or- 
ganisms according to soil 
conditions, amount of shade 
or sunlight, y)lant associa- 
tions, and altitude, so is 
chore a distribution of water 
life according to depth, 
movement, turbidity, plants 
present, dissolved salts and gases, temperature, and bottom 
conditions. The still pond will have an entirely different s('t 
of organisms from that found in a rapid brook. The oceanic 
plants and animals are on the whole somewhat different from 
fresh-water organisms although a close relationship exists between 
them. However, regardless of the aquatic conditions, which 
‘ are many, it is evident that there are certain general adaptations 
to aquatic existence to be seen in all water-inhabiting forms. 
These are the result of the organisms' having been subjected to 
the same set of conditions for a long period of time during which 
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Fig. 20. Small fresh -water cm.- . ceans. 
A. Cypris [Ostracoda); B. l>aphina 
iCladocera)] C. Cyclops {Coyepoda)] D. 
Scud or bender {Amphipoda). 



146 


THE LIVING WORLD 


they have developed more or less similar adaptive features (con- 
vergent evolution). 

The first of these general characters is called ‘^stream line form 
and refers to the body shape of water animals. It is, mechanically 
and physically, the most efficient body form for swimming because 
it offers the least resistance to the water, thus facilitating the 
swimming of the organisms through a water medium. The fastest 
swimmers more nearly approach physical perfection in body shape 
just as the fastest fl3dng birds have body shapes (airline) which 
enable them to move through the air without offering a surface 
exposure that would result in great, retarding air pressures against 
them. The speedy ships are those which cut gracefully and easily 
. . through the water without having 

to overcome too great a resistance 
/WV of the medium. Another adapta- 

/ \ tion to aquatic habitation is the 

^ absence of external coats, such as 
hair, which would slow the move- 
J \ ment of water animals. The whales 

^ V. and dolphins, which are true mam- 

Fig. 27. A water strider or skip- mals and which spend all of their 
per (pmptei^errid^) Cour- ji^gg the water, have lost their 

hair coats m response to an envi- 
ronmental demand. The seals, walruses, otters, minks, and beavers, 
which are not permanently aquatic, have their hair very much 
reduced in length. Thus water animals are usually sleek and smooth 
and frequently covered with a slimy mucus which reduces the 
friction between their bodies and the water. 


In what LulP calls **the primarily aquatic animals,” which 
include the fishes, there is also a swim-bladder which regulates 
the floating jxiwers of the animal. 

There are numerous secondary adaptations to a water habitat 
such as specialized locomotor appendages. These include laterally 
flattened tails, fin-like appendages, and modified legs. 

In the whales, dolphins, and manatees the hind limbs have been 
lost and the front ones modified into flippers. In the sea turtles 
the limbs are all paddle-shaped, the front ones being usually elon- 
gated and the hind ones reduced (Fig. 194). In sea lizards and 
alligators the tail (as in -fishes) is the chief locomotive organ, and 


^ Organic Evolulion. The Macmillan Co 
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it is flattoned on the sides. In the flightless penguins the wings 
have become modified into flipper-like paddles for swimming. 

In beavers, otters, and muskrats the feet are webbed for swim- 
ming as are the feet of ducks and oth(‘r swimming birds. The legs 
of nearly all aquatic insects are modified for swimming. 

The external ears and nasal projections of aquatic animals are 
reduced or absent, and the eyes have shifted their position from 
the sides toward the top of the head. This enables the hippopot- 
amus, the muskrat, the beaver, the otter, the alligators, and the 
frogs to ris(^ to the surface, and without exposing their heads, 
they may “look around’’ before emerging. In the fishes and 
amphibia a clear membranous covering, the nictitating membrane, 
protects the eyes without inhibiting vision. 

The whales and dolphins and all other aquatic mammals, as 
well as the various water-inhabiting reptiles, must come to the 
surface for air. To facilitate this, the nostrils are on the upper 
surface, and ^ etaceans usually have a single opening or “blow 
hole.” In the manatees or sea cows the nostrils are separate; but 
as in the cetaceans, they are automatically closed and opened by 
fl(\shy plugs. There are numerous other modifications of struc- 
tures in water animals, such as bones and skin glands, but the 
foregoing examples illustrate what is meant by aquatic adaptations 
and should sharpen the ability of the student to identify water 
animals and interpret them in terms of their environment. 

Specific aquatic adaptations are also mentioned in connection 
with birds, while the major adaptive^ features of common water 
animals, especially those adaptations to breathing, loi f motion, 
flotation, and resistance to swift water, will be discussed in the 
following ])aragraphs. 

The Animals op the Ponds 

While the primary objective of the naturalist is to learn to 
know the more common animals that live in ponds and to become 
familiar with their adaptations, life histories, and modes of living, 
it is well to bear in mind that there are many factors which influ- 
ence the kinds and numbers of animals present in an individual 
situation. 

Conditions in ponds. There are numerous types of ponds : large 
and small; permanent and temporary; rain-fed and spring-fed; 
shallow and deep; sheltered and exposed; and ponds of varying 
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A. B. 

Fig. 28. Tlic wliirligig 
beetle or money bus {Gy~ 
riniflae). A. Adult; H. Head 
enlarged to show divided 
eye. After Snyder, courtesy 
Gen. Biol. Supply Co. 


degrees of stagnation and freshness. Each will harbor a more or 
less unique association of plants and animals, and species found 
in one pond may be absent from another. 

Numerous factors arc involved in determining the animals and 
plants pr(\sc'nt in any one of the above 
situations. The amount of free oxygen, 
carbon dioxide, marsh and other gases, 
temperature of the water, dissolved salts, 
sources of the water, acidity of the water 
(hycirogen ion concentration), and the 
geographical location of the pond are all 
determining factors in the abundance 
and diversity of organisms to b(^ found 
in it. 

The differenc(\s in the faunal and 
floral associations will soon become ai>- 
parc'iit to the persistent invevstigator; and 
Avhilc' the measurement of most of the 
above factors is a delicate task involving higher (‘hennistry, physics, 
and sometimes expensive apparatus, the (.'ffects of some of thcan 
will be (luite obvious. 

Water insects. Among the water insects therc^ arci those w^hich 
spend the major portions of their lives beneath the surface of the 
water, and those which are 
found there only in tlic'ir'lar- 
val stages, the adults being 
aerial. Among the latter are 
the dragon flies (snake feed- 
ers, devirs darning needle.s), 
damsed flies, craneflies, horse- 
flies, .stoneflicjs, May flicks, 
dobson flies, midge flies, 
black flies, and mosquitoes, 

Figs. 31-33, 35-37. Perhaps 
of all inscMds the dragon flies 
are the best fliers. You have 
probably seen them dart past 
with lightning speed and then suddenly stop and remain iioiscnl in 
midair with hardly a noticeable movement of their bodies. On 
bright summer days the dragon flies may be seen actively foraging 


m 


Fig. 29. The fish fly (Chauliodes ser- 
ricornis). After KcIIor^, American In- 
sectSy courtesy Henry Ilolt and Co. 
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up and down along the shores of streams, around the margins of 
ponds; or they may remain over the water far from shore, seldom 
venturing near it. Some species wander far from the ponds, in- 
habiting the woods, or flying over dunes and open fields. Every 
species has its preference for hunting grounds, and each kind has 
a characteristic flight. The collector soon learns that a different 
method must be employed for capturing each species. This, of 
course, adds to the fun of collecting; a real naturalist gets 
more pleasure from swinging an insect net than he would derive 













Fic. 30. An ambor-wing dragon fly, Ccliihemis eponma (Libelhilidae). 

from swinging a golf club. The dragon fly usually cai^iires its 
food on th(^ wing; and its legs are so shai)ed that the captured flies, 
gnats, and moscpiitoes on which it feeds arc' hc'ld in the basket 
foriiK'd by the' Ic'gs. 

Thc^ c'ggs, which are usually laid in the water but sonietimc's on 
or in plants, hatch into curiously shapc’d greem or niud-(*olored 
nymi)hs which differ ac'cording to spc'cic's. Scmie of the nymplis 
{Libdhilidac) (Fig. 31) are flat on the undc'rside with the abdomen 
somc'what roinuic'd. These are mud-colorc'd; and thc'y are gen- 
erally bottom forms, crawling about in the mud where they feed 
on larvae of all kinds and even on snails. Other nymphs {Aesch- 
nidae) (Fig. 31) are elongated swimming forms which cling to sub- 
merged plants and dart after active larvae and small fishes. The 
nymphs have an extensible labium or lower lip which is armed with 
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hooks and spines; and when it is withdrawn, it has the appearance 
of a mask. A quick extension of the labium captures food animals. 

The n 3 nnphs breathe by means of ‘^rectal gills” which are con- 
cealed within the cloacal aperture, and swimming is effected by 
the ejection of water from the anal opening. The nymphs remain 
in the water for some time, molting the outer skin from time to 
time; when mature they leave the water and crawl upon* a stone, 



Fig. 31. Gommon dragon flics. A. Epiaeschna herosy female (Aeschnidae)i 
B. Anax junius, male {Aeschnidae)] C. Plathemis lydia^ male {Lihellulidae); 
D. Libellula pulchella, female {Lihellulidae}’, E. Libellula luctuosay male 
(Libellulidae). 

log, or plant. The outer skin then dries and splits along the dorsal 
side. The adult dragon fly slowly wriggles out, unfurls, and vibrates 
its wings until they are dry, and then takes to the air (Fig. 75), 
leaving its discarded case or exuvium behind. There are numer- 
ous species of dragon flies. Some of theni are magnificently col- 
ored, and there is frequently a difference between the sexes {Libeir 
Ivla or Plathemis) (Fig. 31). Mating occurs in midair, and in some 
species the male attends the female during the egg-laying process. 
In such cases the two sexes may be seen fl 5 ring ‘‘tandem,” the 
male claspers holding the female “by the neck.” 

The fact that dragon flies are found where water snakes abound, 
together with their peculiar methods of laying eggs, has caused 
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Fig. 32. Damsel flies. A. Argia; B. and C. Enallagma: D. and E. Agnon 
(Calopteryx), female and male; F. and G. nymphs; H. Lestes rectangularis. 
A., B., C., courtesy 111. State Lab. Nat. Hist.; D., E., courtesy N. Y. State 
Mus.; F., H., after Lutz, Fiddbook of Insects, courtesy G. P. Putnam’s Sons. 
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some imaginative individual to insijst that they feed and '^doctor'' 
{snake's. Dragon flies arv. liarmlcss creatures, poss(\ssing no sting 
or formidable jaws; and one can handle any specie's with impunity. 

The damsel fliers (suborder Zygoptera — '‘e^eiual wings”) are the 
smaller, more dainty members of the orde^r Odonata. As a rule, 
thear flight is le'ss sustained anei at lowe'r altitudes. They may be 
distinguishexi from the dragon flie\s (suborder Anisoptera — 
“unequal wings”) by (1) the wings, which in the latter are of dif- 
ferent size and «hape, the hind wings be'ing broad at their bases, 
while in the damsel flies all four wings are about the same; (2) the 
eyes of dragon flies are large, glassy,” and transparent, and 
usually (('X(5ept in gomphiiK's) so close together as to almost touch 
each other, while in damsel flies the eyes are opaque, globular, 
and widely separated; and (3) when at rest tin? dragon fly k('('i)s 
its wings extended horizontally while the damsel fly folds its 
wings vertically at an angle of about 45® with the body (Fig. 32). 

Th(' life history of the damsel fly is about the same as that of 
the dragon fly except that the small tapering nymphs (Fig. 32) 
have three leaf-like gills at the tip of the abdomen. The traclu'ao 
ramify through these caudal gills, and their branches receive 
oxygen from the water through the nK'mbranous (‘ovc'riiig by 
osmosis. 

The most conspicuous dragon flies are; the hoary-l)()died Libdlula 
which has broad cross bands of l)rown on the wings, and the large 
green darner (Anax junius) (Fig. 31). 

The smoky wings {Agrion maculala — Fig. 32), which has a 
shiny gn'cn body and black opaque wings, and freqiu'iits small, 
shadcxl l)rooks, is perhaps the most conspicuous damsel fly. '^rhe 
female has less opaque wings with white spots on tlu* anterior 
margins. Both s(^x(*s fly with an erratic, careless sort of flight. 
The “bluets” (JEnallagma) are brightly colored forms that fly 
just above the surface of the water and abound in numbf^rs about 
ponds. The interested student can readily d('termine the families 
and species by using the suggested n'h'rences. 

Hemiptera. Thc^n? are numbe^rs of the sucking insects to be 
found in every pond^'’ The most common and widely distributed 
members of the order are; water boatman {Corixidac), back- 
iswimmer {Notonectidae), giant and lesser water bugs {Bdostomidae)^ 
water scorpions {Nepidae), the toad bugs or crawling water bugs 
(Naucoridac), and the water measurers {H ydrometridae) (Fig. 33). 
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On tli(‘ surfM(M» Mio tlu' water stri(l(M’s or “skii)i)(‘rs’' (Veliidae 
and (fcrridar) (Fig. 27). 

One can also generally find v'ery small wliitisli in.s(?cts on the 
water; but these are the primitive wingh'ss tern'strial spring tails 
(collcmhola), which are not normally acpiatic. 

The water boatman is a small, brown, flattened, rectangular 
bug with its last pair of legs quite elongat(*d, the tarsi l)eing l)road 
and flat and resembling oars (Fig. 33). Tlui rowing movememts of 
the oar-sliaped legs l)y which the insecit propeds itself through the 
water caused it to be called the boatman. These ))Ugs should be 



FI^^. 33. Water ])ugs. A. Water boatman {Coriiidfie) \ B. Baekswiininer {\oto- 
Awlid(U‘) \ Wal(T bug, male carrying eggs; D. (Jiant water bug. (C. anti D. 
lielodotnidac.) Courtesy Gen. Biol. Supply Co. 


handled carefully because they can and do ‘^sting^^ by pricking 
th(^ fingers with their needle-like, sucking mouths. They abound 
among the vt'getation iK'ar the shore and frequently attach their 
eggs to th(‘ botlic's of crawfislu's. 

Tlu' l)ackswinini(T has oar-shaptnl h'gs, too; but it is a larger, 
mon^ iK'arly cylindrical form that swims upside down (Iig. 33). 
It too can bite, and is found in the same places as the boatman. 
Th(' nymphal forms of tlu^ baekswimmer are white, and tlu'y have 
larg(' r('d t'yt^s. Both the boatman and baekswimmer come to the 
surfaci* for air which they carry down in a film which completely 
surrounds their bodies, giving them a silvery appearance. 

Tlu' giant water bug or ‘‘electric light’" bug is the largest of 
the iKunipterous insects (Fig. 33). It is frequently seen flying 
around or crawling under streH?t lamias in late summer, which is 
the only season in which it leaves its water home. In the fresher 
ponds and in the still pools in creeks, tlic giaut water bug is quite 
predaceous, attacking salamanders, larvae, snails, and even fishes, 
killing them l)y inserting its short, stout, awl-like beak into its 
victims and sucking their blood. 
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The lesser water bug has habits similar to the giant water bug, 
to which it is closely related. The water bug sometimes attaches 
her eggs to submerged stems, but as a rule she is desirous of de- 
positing them in a safer place. So whenever possible she seizes 
an unwary male and glues her eggs all over his crossed wings 
(Fig. 33). The male, being unable to use its wings, must remain 
in the water until the young hatch. 

The wingless young or nymphs immediately seek victims to 
devour. The >\ater bugs rise in the water and project the tips of 
their abdomens above the surface for a supply of air which is car- 
ried down under tlie tips of the wings. The water scorpion or 
water walking-stick (Jianatra) (Fig. 34) frequently escai)es obser- 
vation among the plants that arc dredged from the pond because^ 
it resembles the stem of the plant. The wise student will spread 
the collected material and carefully watch it until the insc^ct re- 
veals itself by moving its long, spindly legs. The front legs of the 
water scorpion are adapted to grasping other animals, as are th(i 
legs of the giant and lesser water bugs. The animal clings to the 
upper part of submerged plants, head downward, wlu^re it re- 
mains inconspicuous and ready to seize passers-by with its front 
legs. The sharp, sucking mouth is used in killing and eating other 
animals. On the abdomen are two long, needle-shaped, breathing 
tubes which are projected above the water when it is iK'cessary 
for the insect to get more oxygen. The water scorpion is most 
easily obtained by moving the dip net back and forth among the 
submerged plants a little distance from the shore. 

Another insect, the true water scorpion (Nepa) lurks among 
the muck at the edge of the pond. It is much broader than Ranatra 
and feeds on crustaceans, snails, larvae, and nymphs of damsel 
flies and May flies. 

The crawling water bugs or toad bugs are the thickset, medium- 
sized insects found in the shallow water near the shore where the 
vegetation is quite dense. They are also predaceous and bite when 
handled with the fingers. 

The water measurer is a stick-like insect of delicate structure, 
about one-half inch in length. It has a long, thin body and spindly 
legs, and is much smaller than the water scorpion which it resem- 
bles. It is usually found on floating plants or among the dead reeds 
along the shore. 

The water striders are those surface skippers so familiar to 
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everyone (Fig. 27). Like the other predatory bugs they have 
grasping front legs with which they seize insects that fall into the 
water and suck their juices through a fine, piercing mouth. There 
are two families of striders, the broad-shouldered and narrow- 
shouldeied forms, all of which make good use of the surface film 
on water to support them as they “skate” about in search of food. 

The water beetles include four principal families of Colcoptera; 
viz., the craw'ling water beetles (Jlaliplidae) , the predaceous diving 
beetles (Dytiscidae), the water scavenger beetles (Hydrophilidae), 
and the whirligigs (Gyrinidae) that live chiefly on the surface. 

The crawling w\ater beetles or haliplids are found in ponds, 
streams, and pools whore algae and other aquatic plants abound. 
They are small (2-5 mm.) convex beetles, usually somewhat yel- 
lowish with row^s of black punctures on the elytra. 

The predaceous w'atc^r beetles range in size from minute species 
to th(^ large Dylisciis harrisi. which is about two inches long 
(Fig. 39). Tlie a3’tin(:ids may be distinguished from other w’ater 
beetles by the elongated hind legs, which are flattened and fringed 
with silken hairs for swimming, and by their threadlike antennae. 
Their bo(li(^s are less convex than those of the scavengers, and the 
middle and hind legs are far apart. 

Among certain species there are distinct sexual differences, the 
female having deep longitudinal furrows on the elytra, W'hile the 
wings of the males are smooth. The males usually have cup-like 
suckers on tlic front feet or tarsi which enable them to hold the 
female during coition. None of the dytiscids are brilliauilv col- 
ored, and most of them are brownish black and shining. Some 
species have yellow markings, especially a yellow band around 
the margin of the elytra. The eggs are laid in punctures made in 
plants; and the larvae, which arc called w’ater tigers, are quite 
predac(H)us, attacking fishes, tadpoles, and other insects (Fig. 39). 
The larva breathes through tubular spiracles located on the tip 
of the abdomen, and it ris(‘s to the surface thrusting the spiracles 
into the air. When inatun*, the larva leaves the w’ater and bur- 
row\s in the ground w^here it pupates. The smaller species of dytis- 
.cids are always present in every pond, w'hcre they may be secured 
by dipping out the vegetation that grow’S on the bottom. When the 
net is drawn, the dytiscids may be quickly identified oy their jump- 
ing movements. In the Dyiiscidae the hind legs are thrust backwards 
simultaneously, w'hile in the Hydrophilidae the legs alternate. 
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The whirligigs, ^'moncy bugs,’’ ‘‘perfume bugs,” or gyrinids 
usually congregate in numbers on the still pools in a sluggish 
stream, and their gyrating movements are familiar to everyone 
(Fig. 28). The gyrinids are almost elliptical in form, slightly 
convex, and bluish black with a bronze luster above. 
The front legs are rather long and slender, while 
the middle and hind legs arc quite short, broad, 
and flattened, making excellent swimming organs. 
The whirligigs can move with remarkable speed; 
and when disturbed they zig-zag rapidly out of the 
w’ay or dive under the surface of the wat(T when^ 
they are covered with a film of air that giv(^s them 
a silvery appearance. 

The whirligigs emit a milky fluid when captured. 
In the larger species the odor of the fluid is not un- 
pleasant, but in the smaller forms it is quite offen- 
sive. These odors prevent their b(ung eat(Mi by birds 
and fishes. 

Inasmuch as the insects are subject to dangers 
from fishes below and from birds and bats above, 
the eyes arc completely divided l^y the margin of 
the head,- the under pair being adapted to looking 
into the water and the otlier pair adapted to look- 
ing through the air (Fig. 28). 

The whirligigs lay tluar small, cylindrical ('ggs 
in rows on the loaves of water lilies and otlu'r plants. 
The larvae are long, narrow, and quite' flat, rest'in- 
bling young centipedes. When the larva is full 
grown, it leaves the watc'i* and spins a gray coc^oon 
which is attached to some' object close to the water. 
The pupal stage lasts about one month. 

The water scavengers or hydrophilids are ex- 
tremely common among the plants in ponds. They are (‘lliptical, 
black beetles which may l)e distinguished from the dytiscids by their 
club-shaped antennae, crawling legs, and long palpi. Tliey are also 
considerably more' convex than the dytis(;ids, and they do not 
have the elongated hind legs. The hydrophilids carry a bubble of 
air on the underside of .the body. The eggs are usually enclosed 
in peculiarly shaped cocoons which are attached to the undc'r- 
eides of floating leaves (Fig. 38), although in some cases the 



Fig. 34. TJie 
water secyrpion, 
Ranatra ameri- 
cana {Nepidae). 
After Osborn 
from Metcalf 
and Flint, Fun- 
damentals of 
Insect Life^ cour- 
tesy McGraw- 
Hill Book Co. 
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cocoons are attached to floats, while in others the cocoon is carried 
about by the female. Although the hydrophilids are supposed to 
be vegetable feeders, tlu^y frequently eat other insects; and as the 
eggs hatch, th(i stronger larvae occasionally (‘at their companions. 
The larvae of the hydrophilids are sonu^what similar to dytiscid 
larvae; but they are stouter, and their jaws are not so prominent 
(Fig. 38). •''riiere are many spectujs of hydrophilids ranging in size 
from very small forms to the large Hydrous triangularis which 



Fid. S."). Life liistoiy of tho mosciuito (Cidicidne). Courtesy Gen. 

Supply Co. 

measurt's lu'arly two inehc's (Fig. 38). The (‘ominonest hpecios is 
of nio(l(Tate size (oiu'-half inch). 

It would be impo.ssible for anyone but an experienced student 
of inse(*ts to distinguish the many specie's of water Ix'etles, but 
every stiulcuit should be able to distinguish the four families. In 
most case's this is not difficult to do; and the works of Hatch, 
Metcalf, Briies and Melander, Bradle'y, Comstock, and Blatchley 
are recommended for determining families, genera, and species. 

Another beetle, the adult of which is not aquatic, is the leaf 
beetle (Donacia), which is usually abundant on the upper surfaces 
of the' large'!' floating le'ave's .such as those' of the water lily. These 
are long, horiu'd, elongated beetles with a variable coloration of 
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green, bronze, and purple. The under surface is brown and hairy. 
The holes in the water-lily pads are made by females which eat 
through the leaves and then insert the tips of their abdomens 
through the openings. The egg clusters are white and conspicuous; 
and when the eggs hatch, the larvae descend to the stems where 
they bore in and feed on the tissues of the plants and where they 
subsist on the air contained in the stems. The leaf beetles belong 
to the family ChrysomelidaCy to which belong also the potato 
beetle, asparagus beetle, and the striped cucumber beetle of the 

gardens. The leaf bc'etle has a 
relative that is also found on lily 
pads but which does not have 
any aquatic stages. This species 
(Galerucella nymphaea) has indis- 
tinctly striped wing covers and 
lays masses of small yellow eggs 
on the surface of the leaf. The 
larvae resemble, in a way, the 
larvae of '^ladybugs.'^ 

Among the two-winged insects 
(order Diptera) that live in water 
are: craneflies (Tipiilidae), mos- 
quitoes iCulicidae), horseflies 
{Tabanidae), soldier flies {Strati- 
omyiidae)y midge flies {Chiro- 
nomidae), Syrphus flies {Syrphidae), and black flies {Simuliidae). 

Of these the mosquitoes, horseflies, and midge flies arc more 
characteristic of ponds, while the others are geiK^rally found in 
streams. In almost all of the above groups thc're ar(‘ certain 
species that live in ponds while others are found only in streams. 

The common mosquitoes all lay their eggs in raft-like (*lust('rs 
which float on the surface of the water (Fig. 35). All rain barnds 
and pools are good collecting places for eggs, pupae, and larvae. 
The eggs hatch into the well-known ‘Svrigglers^^ which swim by 
looping their bodies. Breathing of the larva is effected through 
gills attached to breathing tubes (tracheae) on the abdomen ; and 
the larva must go to the surface and thrust these tubers above the 
surface for air. When a film of oil is spread on the surface of the 
water, the? larvae cannot reach the air and they suffocate. 

The pupa of the mosquito is active and swims by means of a 



Fig. 36. A horsefly (Tabanus 
atraius). A. Adult; B. Larva. After 
Metcalf and Flint, Fundamentals of 
Imect Life, courtesy McGraw-Hill 
Book Co. 
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leaf-like structure on the tip of the abdomen. While there is a 
strong resemblance between the larva and pupa, the latter can 
be easily distinguished by the greatly swollen head and thorax. 
The breathing tubes are on the dorsal surface of the thorax of the 
pupa; so the pupa rests with the upper side of the thorax just be- 
neath the surface film, while the larva rests at the surface with 
the head downward and the tip of the abdomen at the surface. 
The swollen thorax gives buoyancy to the pupa, which takes no 
food; and when the pupa is mature, the skin splits along the back; 
and the imago or adult mosquito 
emerges. The newly emerged adult 
stands on its pupal case, which 
serves as a raft; and when the wings 
are dried, it takes to the air. There 
are pronounced differences between 
the sexes of adult mosquitoes, the 
male having antennae while 

those of the female are thread-like. 

Only the females suck blood, the 
males feeding mainly on plant 
juices. 

Mosquitoes are nocturnal, but 37 ^hc giant cranefly 

they are not equipped with noc- {Tipulidae). .\f ter Kellogg, A /wer- 
turnal eyes. Nor do they have scent Insects, courtesy Henry Holt 
glands by means of which the 

sexes can find each other. Instead, they have a remarkable 
radio system with a sending or receiving apparatus by whi- U the 
meeting of males and females is effected. During the mating season 
the femak^ vibrates her thread-like antennae producing sounds of 
extremely high intcli (frequency). At this time, too, the male 
holds his plumose antennae (which constitute the “receiving 
set'O erect; and these receive sympathetically the vibrations of 
the female, and in this way he is guided to her. It is the same 
principle of sympathetic vibrations that causes certain objects 
in a room to rattle when a particular key on the piano is struck. 

The horseflies constitute a group of Idood-sucking flies that 
breed mainly in water. The fleshy larvae (Fig. 36) are found 
among the bottom trash in stagnant water close to the shore. 
The two commonest s])ecies are the large, uniformly black morn- 
ing fly (Tabaniis atratus) (Fig. 36) and the pestiferous Chrysops 
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niger which is a mediiim-sizod species which attacks man as well 
as cattle. It has a brownish body with yellow markings and 
prominently closed eyes. The wings have cross bands of brown. 
Only the females are i)arasitic. 

The soldier flies are usually flower insects and are so named 
because of brilliant stripes which occur in many species. The eggs 
of some of the species are laid in the water, and the larva is one of 
the most peculiar of the dipterous insects. It is spindh'-sliaped 
and stiff, with a plume of bristles on the slender end of th(^ body. 
It is called the rat-tailed maggot. 

The craneflies are large flies that look like giant mos(]uito(vs 
(Fig. 37). They are found during the day on the V('g(‘tation in 

damp woods and along streams. 
The eggs are laid in watcT by the 
female which strikers the surfa(*(^ of 
the water wdth the tip of tlu^ ab- 
domen in much the sam(» maimer 
as do certain dragon flies. The 
eggs hatch into worm-like, soft- 
bodied larvae which become quite 
large. 

At the posterior (aid of the bod} 
is a cluster of fleshy lob(\s (6-8) 
which constitute the spiraciilar disc 
within the ccaiter of which are the 
spiracles through which the insect 
breathes. As in nearly all fly larvae, the mouth is jioorly d(‘- 
veloped, the eyes are absent, and th(‘re are no external appcaidagc's. 

The midge flies are mosquito-like flies, the males of which ha\ (^ 
conspicuous plumose antennae. The midges an^ abundant in all 
climes and along the Great J^akes at caalain seasons th(‘y almost 
cover the low vegetation, arising in grc'at swarms when disturbed. 
As a rule the midges are harmless, although the ‘‘punki('s'^ or 
“no-see-ums” of the northcTii stat(*s and Canada can b(‘ cpiite 
offensi\'e. Some species of midges breed in swift wat(‘rs, others in 
stagnant pools, and some kinds in large lak(is. 

The larvae are long, slender, worin-lik(; creatun^s with fleshy 
prolegs at both ends of their bodies. Some speci(\s surround them- 
selves with fragile tubes of dirt; some are shaider, whitish worms; 
while others stand erect on the muddy bottom and wa\’e their 



Fig. 38. The largo wnlcr .scaven- 
ger beetle {! ! ifdro ph Urn triangularis). 
A. Egg case; H. Larva; C. Adult. 
From Lutz, Fieldhoolc of* Insects, 
courtesy G. P. Putllanl^s Hons. 
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bodies to tind fro. These are the n^d “bloodworms” which every 
collector finds in his dij) lu't full of muck. They are very sIeii(l(T and 
measure almost an inch in length. They breathe by means of two 
pairs of long, thin-walled sacs on the ehwenth body segment. 
These sacs an^ known as blood gills. '^I'hci pupae; are also aquatic 
and the j)upal cases sca’vc as floats for the nc'wly emerg(;d adults. 

The syrphid flies or bee; flies are usually terrestrial (Fig. 17); but 


oik; common sfiecies 
{Eristalis U nax) bnn'ds 
in^ the^^decayi ng yc'f^eta- 

sul)merged. ft is al- 4r B C 

most one-half inch long ^A. 

and is also called the on t-i i i- • i 

,, Ficr. 39. The predaceous diving beetle 

rat-tan maggot. (D//0’.sr?/x )narginatu.s). A. Larva, the water 

Tho Lepldopteray too , tiger; B. Adult; C. Front tarsus of male 
have a f('W aouatic discs for holding ft'male. C. after 

. " ‘ ' Folsom. 

r(' ] ) re s e n t a 1 1 es , t h e 

commonest of th(*m being the lily l(‘af cat(‘rj)illar {Nymphula 
maculaliii), which lives within a case mad(' of two pieces of leaf 
about oiu* inch long and one-half inch widf\ Th(\se jiiec** s are 
sc'cnred togidher by silken threads, '^riie larva lives within th»' case, 
which affords it protection from predatory enemies and makes it 
necessary for it to expose only its head which can lie quickly with- 
drawn. Till' larva has numerous liushy thread-gills on its sides, 
and tliese (wtract air from the- water which surrounds the insect 


within the case. 

The adult has grayish front wings with irregular darker mark- 
ings. ''fhe hind wings an' white. The moths fly about over the 
water in the twilight hours and rest on the marginal vegetation 
during tlu' brighter part of the (iay. 

Crustacea. The pond representatives of th^s class include the 
crayfish and a numlx'r of its vc'iy small relatives. Some of them, 
like the crayfishes, are widc'ly distributixl geographically and 
ecologically. While those listed here arc chiefly pond inhab- 
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itants, they may also be found in lakes, rivers, and sluggish 
streams. 

When the ‘^eateh^’ in a pond is placed in jars or tanks, some of 
these small forms such as cypris {Ostracoda) and cyclops {Copeyoda) 
will distribute themselves on the sides, while others such as daphnia 
(Cladocera) will migrate back and forth and rise and descend in the 
water. 

Cyclops (Fig. 26), daphnia (Fig. 26), and cypris are all some- 
times called \v ater fleas. Cypris is about the size of a pinhead; and 



Fig. 40. Fresh-water bryozoans. 1. Pectinatella; 2. Plumatella. A. In- 
dividual animals; B. Habit. Courtesy Gen. Biol. Supply Co. 


when examined with a magnifier, it is seen to be clam-shaped, and 
its outer ** crusty” skeleton is composed of two valves which are 
hinged at the back, just as in clams. These tiny Crustacea abound 
among green algae and other submerged plants to which they 
attach their eggs. They feed chiefly on plant material. 

Cyclopia are minute, tapering crustaceans which can be found 
in every ditch or^pool among algae and ditch weeds. They feed on 
microscopic organisms and decaying vegetation. The females 
carry their eggs in sacs located on the sides. There are several com- 
mon genera of copepods some of which are whitish and others red, 
blue, or purple. 
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Daphnia is one of numerous cladocerans which infest fresh 
waters. It is raised by fish culturists as food for “guppies” and 
other aquarium fishes. The largest of the cladocerans Ls Leptodora 
which is a common inhabitant of the Great Lakes. It is half an 
inch long. There are several common species which may be taken 
in fresh-water ponds by dragging a fine net through the water. 
The magnifier reveals ten legs and a transparent body^case through 
which the digestivcj organs can be seen. No student 
should fail to observe the living daphnia w'hcn it is 
so accessible. 

All of these minute forms lay two different kinds 
of eggs. The summer eggs which are held in brood 
pouches have thin shells and develop rapidly with- 
out being fertilized (parthenogenesis), wdiile the 
autumn eggs have heavier shells and are fertilized. 

The latter are the resting eggs which remain over 
winter. All oi the smaller Crustacea serve to sustain 
th(* fish ix)puIation since they constitute the chief 
food of the young of several commercial species of 
fishes. Some of th(‘m are also known to be the 
intermediate hosts of parasitic worms which infest 
higher animals. 

The water sowbug differs from its land cousin the pill bug in 
body shape, which is more slender in the aquatic form. It is a dull 
gray in color and has scweii pairs of legs. Water sowbugs are usually 
bottom forms, and they are abundant in the muck where they feed 
on organic material. The common forms belong to the family 
Asellidaej and they are frequently found under stones and along 
the shores of small streams. The egg pouch is carried on the under- 
side of the thorax. 

The scuds or benders (Fig. 26) are larger than the w^ater fleas, 
and they are equipped with more six'cialized appendages. The 
bender can move with rapidity through the w'ater, usually swim- 
ming on its side. The body is arched or bent, and each segment has 
a pair of biramous appendages. The legs on the thorax enable the 
^.nimal to cling to and climb over water plants, while the append- 
ages on the abdominal segments are adapted to swimming and 
jumping. The largest of the common amphipods is Gammarus 
which attains a length of an inch, the female being the larger. The 
food consists of decaying animal and vegetable matter and myriads 



Fig. 41. A 
black fly or 
buffalo gnat 
(Simuliidae). 
After Kellogg, 
American In- 
sects, courtesy 
Henry Holt 
and Co. 
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of both common genera Hyallella and Gammarus may be taken in 
any pond or stream. They mate from early spring until late in the 
fall, and the eggs are carried in brood pouches on the thorax. 




Fig. 42 . The stonefly, May fly, and caddis fly. A. Adult stcnefly; B. 
Nymph; C. Adult May fly; D. Adult caddis fly; E. May fly nymph. A. and 
E. from Hcgncr, Invertebrate Zoology^ A. after Comstock; C. and D. from Lutz, 
Fieldbook of Insects, courtesy G. P. Putnam's Sons. 

The fairy shrimp (Phyllopoda) is the largest of the smaller 
crustaceans (Entomostvdca) and is an inch in length. The append- 
ages are peculiar, fringed, leaf-like structures which are quite 
conspicuous. Each segment of the thorax (tarries a pair of these 
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appendag(\s which are used as swimming and respiratory organs. 
The fairy shrimp swims on its back and feeds on microorganisms 
which are captun^d and passed to the mouth by its ‘^gill-feet.” 

Females are more numerous than males; and as in daphnia, they 
breed parthenogenetically until late fall when males d(?velop. The 
males differ from the hmales in that tiic antennae are modified for 
clasping tlie female during coition. As in the crayfish there are 
also modified ai)])endages on tlio males for use in transferring the 
spermatozoa to the female. 

Arachnida. In addition to the insects and crustaceans, the 
ar;^.chiiids also have represciiitativcs in tlui pond as.sociation. The 



Fic,. *13. The dohiion (Corydaliis cornut us). A. .\diilt 

iiijilr; U. Larva (liellgraininito). 


tiny red wat('r mites can be found at all seasons in every pond, 
where they fin'd on small animals. 

The mit('s lay tlu'ir eggs on j)lants or oti the mantles of mussels 
as well as on the l:)odies of insects. Water slridc'rs are usually in- 
fested with numerous red larvae of mites, and the eggs are also 
frequently si'eii on the \ip])er surface of the last few abdominal 
segments of adult dams('l flies. The mitc'S range in size from very 
minute forms to the large Hydrachna which is almost as large as 
9 , pea. 

The diving spider is another arachnid inhabitant of ponds; but 
unfortunat('ly its most interesting structure — its nest — is not seen. 
When the dip net is lifted, one often s('es spiders scampering away. 
Where do they come from? Are they typical members of the pond 
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association? They look so sleek and dry, and yet they must have 
been dredged from the water. While they are not truly aquatic 
animals, the diving spiders are part of the water fauna, contrib- 
uting their part to the drama of life staged beneath the surface of 
many ponds. This interesting spider descends into the water on 
the stem of a submerged plant. Its hairy body holds a film of air 
around it, giving it a silvery appearance. Sometimes the European 
species constructs a bell-shaped nest under water; and by introduc- 
ing bubbles of air into it, the water is forced out, enabling it to live 
and lay eggs within its ^^caisson.’^ The diving spider feeds on 
water insects and their larvae. It belongs to the family of running 
spiders or wolf spiders, Lycosidae. A number of running spid(?rs 
utilize the surface film and venture out onto the surfaces of ponds 
where they feed upon floating insects. 

Worms. While there are some small (usually microscopic) 
aquatic oligochaete relatives of the earthworm, the principal and 
most widely distributed annelid worms that exist in fresh water 
are the leeches. These are predatory or parasitic worms with 
thirty-four segments and with anterior and posterior suckers. 
They abound in ponds and small lakes where they are parasitic on 
frogs, salamanders, and turtles. They attack man, and one com- 
mon species known as the medicinal leech {Hirudo medicinalis) 
(Fig. 25) is frequently used by physicians in removing blood clots. 
The old-time drugstore always kept a bowl of living h'eches for 
emergencies. The leeches attach themselves by the oral end, and 
with bristle-like, chitinous structures they make an incision 
through which they suck blood. An anti-coagulating substance is 
present in the saliva and prevents a stoppage of the blood flow. A 
leech can ingest more than its own weight of blood wdiich is stonnl 
in eleven or more pairs of branched stomach pouches on the 
alimentary tract. It can live for a year or more on a single meal. 
The largest of the common leeches is deeply pigmented with 
green and yellow. 

Leeches are hermaphroditic and carry their whitish eggs and 
young on the underside of the body. Swimming is effected by loop- 
ing and by undulating the body. Crawling is effected by alternate 
attachment of the oral and distal or posterior suckers. 

Bryozoa. On the submerged logs and stones and occasionally 
floating in quiet waters there may frequently be seen jelly-like 
masses of various sizes. These are colonies of “moss animals'^ or 
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Bryozoa, Each colony may contain hundreds of picturesque in- 
dividuals, all compacted together forming an almost transparent, 
gelatinous, irregular mass. When examined with a magnifier, the 
individual animals or zooids may be distinguished. These resemble 
the flower-like animals in a coelenterate colony. The size, shape, 
color, and covering of the colony are dependent upon the species 
involved and upon diverse factors of the environment. The 
colonies are usually sessile, but in a few common forms there is an 
ability to migrate for short distances. 

There are three rather common Bryozoans: (1) Plumatella^ a 
small, branching colony found in ponds and streams; (2) Crisiatella, 
a small (2-5 cm.) elongated colony found frequently on the under- 
sides of water-lily pads; and (3) Pectinatella which is the largest and 
most conspicuous of all eastern forms. Plumatella and Pectinaiella 
are shown in Fig. 40. 

\>:iMALS IN Running Water 

It has been indicated that the faunal association of a pond is 
regulated by numerous physical and chemical factors. A number 
of these same factors are also determiners of the animal life to be 



Fig. 44. External features of a mussel. After Shipley and MacBride 
from Hegner, College Zoology. 

fpund in running water, together with several additional conditions 
which do not apply to bodies of still water. For instance, the rapid 
brook will have in it some animals that are not inhabitants of 
sluggish cnu'ks. Nor will the small, shallow, narrow creeks have 
some of th(' larger animals which can be found only in rivers. On 
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the other hand, even the most rapid stream will have small side 
pools and back-water sections wherein some animals whicli are 
characteristic of still waters may exist. 

Within the stream itself there arc numerous situations, (»a(*h with 
its unique s(?t of animal forms; and while the following list suggests 
the more common types of stream animals, it must not be supposed 
that all of them will be found in every part of tlui stn^am or that 
all of them will be found even in the sanu; stn^am. Some of th(*m are 
surface animals. Others live among the trash in the shallows along 
the shore. S(;me live on the brink or face of waterfalls, and otlu'rs 



Fig. 45. A larval mussel or 
glochidium (greatly enlarge 1). 
After Lefevre and Curtis from 
Hegner, Invertebrate Zoology. 


inhabit the pools at their bases. TIktc 
are those which can be found only 
in the ripples, usually on the le(uvard 
sides or undersides of rocks or in ex- 
cavations (^r depn'ssions on the 
bottom. There is also a unique' g('(^- 
graphical distribution of tliesi* indi- 
viduals with range limits for ('ach. 
There are distinct southern, northern, 
eastern, and western tyjx's; and (he 


animals in a mountain stream will be different from th(' faunal 


association in the lowland streams. Thendore, if all of the organ- 
isms found in every aquatic situation wc'ni listt'd lu're, wo would 
see an overlapping of faunae in all of them. For example', May 
flies are found in ponds and in very rai)id brooks; but they are 
different sp(u?ies of May flics. 

Since in this tn^atiso we are not inten*sted in jiarticular spc'cie's, 
May flies in ge^neral are discussed. Such a inark('d similarity ('xists 
among May fly larvae (nymphs, naiads) that tlu^ student w ho h'arns 
to know the May fly nymph he finds in a rapid brook will not fail 
to identify those immature stagi's of May flies when he finds tlaan 
in a pond. While tlio nymphs of some May flies liv e in ponds, they 
were not listed among the pond animals bf'cause th(*y an? tyi)i' 
cally characteristic of the life in the rapid brook. 

Just as frogs, water scorpions, and painted turtle's are tyjiic'al 
animals of standing water, so are the stoneflies, May flic's, caddis 
flics, dobson flies, fish flies or alderflies, black flies, flatworms, and 
crayfishes prominent animals of running water. To tlu'scj may Ixi 
added numerous fishes such as darters, blolis, trout, chubs, shiners, 
carp, and bass, and also salamanders such as hellbendc'is and mud 
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puppies. These animals arti all found in running water — rivers, 
creeks, or rapid brooks. 

Plecoptera. The adults of stoneflies are winged, aerial insects 
which rest by day on the vegetation along the streams. They are 
short-lived and not (*asily obtained in numbers unless one sweeps 
the foliage of plants or attracts them to lights at night. The eggs 
are laid in running watfT, and th(i young are called nymphs or 
naiads. Many of these nymphs, particularly the members of the 
family PerlidaCy are rather brightly color(‘d with yellow and black. 

They arc found on stones in swift water wh(Te they are well 



Fig. 40. The log-perch infested with the parasitic larvae or glochidia of 
a fresh-water mussel. 


adapted to resisting the current. Their bodies are flat, thus 
offering little surface to the rushing water; and their thin, flattened, 
clinging legs enable them to crouch close to the stones. The feet 
are equipped with two claws which ludp them to cniwl alxiiit and 
to “hold on.” When one lifts the stones in a stream, the nymphs 
scoot to the undersides with the drijiping water and dro]) off. The 
nymphs remain in the watcT for a year or more, feiKling oti \'ege- 
table matter and occasionally on other insects. After a se!ies of 
molts, the nym])h becomes mature. It then crawls out of the 
water onto the elevated and exposed sb>iies, and the adult lunerges 
inrough a dorsal s])lit in the .skin. Tlu' adult has four wings, the 
hinder pair Ixung folded together uiuhu’ tlu^ front pair which lie, 
one on the otluT, .straight along the back wluai at rest (Fig. 42). 

The stoiK^fly nymph may easily b(' distinguislu'd from the 
May fly nym])h by three outstanding characters: (1) tlie foot has 
two claws; (2) there are two divergent cerci or tail filaments; and 
.(3) the tufts of thread-lik(' gills are on the underside of the body 
at the ba.ses of th(' legs and most con.spiciious on the thorax, al- 
though in some species they are more promiixait on the neck. 
Then' are only two familie.s of stoneflies. The commone.st sj^ecies 
belong to the following genera and families: Pcrla {Pcrlidae), with 
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prominent gills at the bases of all legs; the large, brownish Pter- 
onarchys {Pteronarcidae), with gills also on the first two abdominal 
segments; and the short, stout, blackish Peltoperla {Perlidae), in 



Fig. 47. Fresh- water mussels. 1. and 2. jHurynia rectUy male and female; 
3. and 3A. Trundlla sp.; 4. and 4A. AUxsmvJonta sp.; 5. Margariiana sp. After 
Ortmann, Mem. Carnegie M as. 


which the gills are concealed under the margins of the broad 
thorax. A few species have no gills at all. 

Ephemerida. The May fly nymphs occur in the rapid sections 
of streams and differ from stoneflies in that tln^y have? (1) fila- 
mentous gills (seven pairs) conspicuously located on the sid(‘s of the 
abdomen; (2) the foot has only one claw; and (3) they usually have 
three tail filaments (Fig. 42). The habits of th(^ May flies are ex- 
tremely diverse, and modifications of the important features in- 
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dicate tho various species. They arc found in ponds, along 
the shores of streams, in the swiftest rush of current, or in 
burrows. 

The adults of May flies are among the most unusual and in- 
teresting insects in the world. The ‘‘dance of the May flies” is a 
marvelous spectacle. Thousands of them, mostly males, dance 
over the surface of the water in a mating (ceremony, rising and 
descending in their flight, after which the males die immediately, 
and the females settle on the water and proceed to lay their eggs. 

There are several outstanding, one might say astounding, char- 
acters which make the May flies interesting objects for study. In 
the first place, they have two pairs of eyes (divided eyes), one pair 
which is adapted to nocturnal vision and the other pair to diurnal 
vision. Furthermore, the May fly has a most unusual life history. 
The eggs, which frequently have peculiar structures which enable 
them to float, are laid in the water and hatch into the nymphal 
forms mentioned above. When maturity is reached after a number 
of molts, they crawl out of the water and split along the dorsal side. 
But the form that emerges is not a true adult as in the case of 
stoneflies and all other winged insects. Instead it is a “sub- 
imago” fully winged but not yet mature. Those gray-winged 
forms fly to the foliage of trees and shrubs where they molt 
again, the new forms with darkeru'd wing veins being mature. 

In the May flies the mouth parts are degenerate; and the adults, 
which live only from a few hours to a day, never feed. The alimen- 
tary tract is filled with air and inflated which makes possible the 
first flight by adding to the buoyancy of the insect. This is the only 
instance among all of our native winged insects where the creature 
molts again after acquiring wings. 

One large spc'cies of May fly {Hexagemia biUncata) is called the 
“Canadian sailor” by persons living along the Great Lakes, where 
on occasions hundreds of tliousands of them are attracted to the 
lights of city streets at night. Frequently they are so numiTous as 
to completely cover store fronts, and their dead bodies fall in heaps 
beaieath the lamps. This is a large species, the nymphs of which 
•live on the bottom of the lake beyond the breakers. When the 
nymph is mature, its air-filled case rises to the surface where it 
floats. The adult emerges through a slit in the back, and the 
emerged insect uses its exuvium as a raft until it is able to fly. The 
idea that May flies fly across the lake from Canada is of course an 
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erroneous one. There is one principal family of May flies, Eph 
emeridae, in which there are several subfamilies. 

Neuroptera. Under the stones in the rather swift section of the 
stream lives a reddish- or brownish-colored, long, formidable-looking 
larva which is the delight of bass fishermen. It is called a ^‘hell- 
grammite”; and it is a nocturnal predator, feeding on larvae, small 
fish, and other animals which it catches at night. This larva, 
which is three inches long, has three well-developed jaws and three 
pairs of well-developed legs on the thorax. Each abdominal seg- 
ment has a pair of lateral appendages at the bases of which arc 
tufts of whitish hairs. There is also a pair of prolegs, one on each 
side of the anus. These are equipped with hooks by means of 
which the animal is able to “hold on.'' 

After living in the water for almost three years (two years and 
eleven months) the larva leaves its w^atcry home and crawls under 
a stone or log near the shore, and pupates. After several weeks the 
wdnged adult or dobsoii fly emerges; and except for the large gray 
wings, the adult greatly resembles the larva. The body is soft and 
ill-smclling; and the male (Fig. 43) has long, curved, formidable- 
looking jaw's which are used only to hold the female while mating. 
The adults, which are frequently attracted to lights in summer, 
never feed and probably do not live more than twenty-four hours. 
The female after mating lays her eggs on the foliage overhanging 
the water. There may^be several thousand eggs in a cluster an inch 
wide. When the young hatch, they drop into the water in which 
they spend the major portion of their livens. The dobson fly belongs 
to the order Neuroptera, family Corydalidae, 

Another related insect, the alder fly or fish fly (family Sialidae) 
(Fig. 29), has a larva similar to that of the dobson fly, but it is 
much small(?r and lacks the gill tufts so characteristic of the hell- 
grammitc. The fish fly larva is usually found in quiet water. 

The sialid fly (Stalls infumata) is another aquatic ncniropterous 
insect which is quite common and widely distributed. 

Coleoptera. There are many types of beetle larvae from “ glow 
worms" to “grubs," but the water penny is the most curious of all. 
It is a stone-colured, almost rounded, slightly convex, disc-like 
larva, almost as large as a dime. Almost any slightly cold, rapid 
brook will reveal numbers of them clinging to the undersides or 
to the downstream sides of stones, their flattened bodies adhcTing 
so tightly that they are difficult to dislodge with the fingcT nail. 




Pl.ATE T. Typos (^f ciuiilis fly cases. 1. Phil ijccntro pus: 2. Hclicopsyche 
horcdlis: 3. Ncophphix sp. (pupal case); 4. Xcumuia sp.: 5. Pupal case of a 
liiniH^piiilid; (5. Larva of Myslrophora amcricana: 7. Limncphilus rhorubicus: 
S. Ganonema nigrum: 0. Molannn sp.: 10. riiip of Phrpganea: 11. Plirg- 
gnnvji sp.: 12. clustcM* of IF gdro psyche: 13. Ilvspcrophylax dcsignatus: 

14. Anaholia himnculala: 15. Pupal case of Nvophykix with membrane rup- 
tured; 10. I^silotreUi fnmlnlis: 17. Pupa of FI ydrnpsycfie sp.: 18. One type of 
larval case of Arcioccia consocia: 19. Firachycentris nigrosoma: 20. Asterw- 
phylax argus: 21. Larva of Stenophylax luculentus. After Betten, Bull. 292 
N. Y. Stat(‘ Mus. 
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These are the young of brook beetles (Parnidae) which live nearer 
the shore. The water penny breathes by means of five pairs of 
conspicuous white gills which, with the legs, are only visible when 
the creature is turned over. It pupates on the stones in water, 
covering itself with a silky coat. The yellow eggs are attached to 
stones in the swiftest part of the stream. 

Trichoptera. The caddis flics, like the May flies, have representa- 
tives in ponds as well as in streams; but they are so numc^rous in 
rapid brooks that they may almost be considered as the dominant 
insects. There are several kinds of common “caddis worms,'' as the 
larvae arc called; and each species builds and lives within its own 
particular kind of case which it frequently carries about with it. 
The most common of these cases consists of an irregular, tubular 
mass of sand and fine gravel cemented together and glued fast to 
the undersides of stones in the rapid water. The larva has a blackish 
head and thorax, and the abdomen is greenish. Other species make 
cylindrical cases, about the diameter of a lead pencil, composed of 
small sections of stems and sand glued together. These are usually 
pond forms. Some caddis larvae use sections of hollow stems; 
others construct straight or coiled tubes of sand; another fastens 
two broad leaves together; and one species that lives in very rapid 
water makes a silken cup-shaped net between the sides of crevices 
or between two stones. The net faces upstream and serves to 
strain food from the water as it passes through. It also makes it 
unnecessary for the larvae to expose itself to the rush of water and 
be swept downstream. Some cases are shown in Plate I. 

The larva holds itself within the case by means of hooks on the 
hind end of the body. Tubercular protrusions on the sides provide 
ample space for water to circulate around the body. The gills are 
always filamentous and usually located on the sides. 

The larva pupates within its case and provides for its safety by 
spinning a net over the open end of the tube. This keeps out ene- 
mies but allows water to enter, and air is absorbed through the 
pupal gills. 

The adult is a small, aerial, moth-like insect with wings covered 
with fine and often brilliantly colored hairs. The antennae are 
long, being in some cases several times as long as the insect. Caddis 
flies are nocturnal and short-lived. They lay their eggs in various 
water situations, gluing them to submerged objects or depositing 
^hem in small green rings which are placed on water plants. 
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Diptera. Tho black fly larvae {Simulitdae) arc found on the 
surfaces of stones in very rapid water. Sometimes they completely 
cover tlui face of a waterfall where thousands of individuals are so 
compa(;tly assembled as to make the rocks have a black and slip- 
pery surface. They are very small, blackish, worm-like larvae which 
hold fast to the ro(;ks by means of a sucking disc at the hind end 
of the body. Standing almost on end, the mouth end is free to 
gather diatoms with the fan-shaped collecting brushes located at 
the oral end. 

Just back of th(i head is a fleshy proleg which also has a sucker 
on it, and by alternately attaching the two suckers the animal is 
able to move about over the stones in the swiftest waters. To 
secure itself in tho rushing water, the larva anchors its body with 
a thread spun from the mouth. Using this thread the animal is 
able to travel dow^nstream. The larva breathes through three 
rectractile blco'^1 crills on the posterior end of the body. Tlu' pupa is 
enclosc'd in a yellowish cocoon, and in midsummer these cocoons 
transform the rocks irom black to golden. The pupa breathes 
through fringed tracheal gills on the upper end of the pui)al case. 

Thii Cvdults are the small black flies which are active along 
streams in the daytime'; and certain northern species are miserable 
pests, biting botli man and beast. 

Crustacea. The crayfish, crawfish, or *‘crab'' (Fig. 24) is a fa- 
miliar animal to everybody. While some spcTies are found in pond.s, 
there are others called cliimney builders wJiich are bunwving spe- 
cies. These live* in low, moist regions or in mud flats wJiere they dig 
dowui to the ground water. Tho mud is carried to the surface and 
is piled up around the open hole, or w’ell, forming a chimney. Deep 
in the ground the animal constructs a series of branching tunnels 
with widened sections or pockets in which it may be found by 
digging. 

The common crayfish is typically an animal of the stream in 
which it forages by night, remaining in an excavation beneath a 
stone during the day. Where the water is swift the animal escapes 
the rush of current by resting in an excavation on the bottom. 

The crayfish feeds on soft-bodied animals such as fishes, larvae, 
and snails. It is also a scavenger and helps to reduce pollution of 
the water by removing dead matter. 

During the day the crayfish can be found under stones w here it 
rests with its antennae or “ feelers ” extended and with its chelae or 
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pincers ” in a position of defense. At night it crawls about over the 
bottom in search of animals on which it feeds. The large chelae 
seize and tear apart the food ; and with the assistance of the mouth 
appendages and the front legs, they transfer it to the mouth where 
the hard mandibles bite off i)ortions of it. The food passes into the 
stomach where three opposing, chitinous teeth constitute a gas- 
tric mill” in which mastication takes place. 

In order to fully appreciate the habits of crayfishes it is well to 
study the gen ral anatomical features. The animal has numc^rous 
appendages, most of which are biramous and arranged in series on 
the various body segments. These appendages are highly modific'd 
and specially adapted to performing different functions. 

The body, which is covered with a hard, outer shell or skeleton 
composed of chitin and lime, consists of two main regions. The 
head and thorax are fused together into a cephalothorax to which 
the more slender, segmented abdomen is attached. On the anterior 
end of the cephalothorax are two pairs of antennae or feelers. 
One pair is long, while the shorter t)air, calk'd the antennulcSj is 
branch(?d. At the base of the antennules are small whitish cup- 
like structures called the statocysts in wdiich there are sensitive 
hairs. Those structures are apparently organs of equilibrium 
since grains of sand arc embediled in the hairs and servo as 
statoliths. When iron filings are substituted for th(^ grains of 
sand and a magnet suspended over the animal, it immediat('ly 
turns over. 

The eyes are on stalks which fit into grooves when the animal is 
relaxed; but wdien danger approaclu's, the stalks are extended so 
that a larger field of vision is obtained. The eyes arc compound 
and composed of numerous smaller eyes, resembling in a way the 
insect eye. 

The mouth is under the head slightly anterior to the v(ir>; first 
pair of legs. It is surrounded by th(^ mandibles, maxillae, and thr(*e 
pairs of maxillipeds which arc the obvious leg-like structures 
around the mouth. 

The crayfish has five pairs of legs, all of which are attached to 
the thoracic region. The first pair of legs or chelipeds is modified 
into pincers or chelae with which the animal captures food and 
defends itself. They do not serve as legs but are used for ex- 
cavating burrows in addition to the above uses. When the crayfish 
loses one of its pincers, it regenerates the lost part; and one often 
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finds individuals having one large and one small pincer. The other 
four pairs of legs are the walking legs, and the scicond and third 
pairs have little pincers on th(?m which are also used in picking up 
and transferring food to the mouth. The covering of the thorax 
is called the carapace , and it has flexible flaps (branchiostegites) 
on the sides so that the water may be forced under it into the 
branchial chamber where the gills are located. 

Each abdominal segment has a pair of flattened, biramous 
appendages called plco}K)ds or swimmerets. On th(^ male the first 
])air of swimmerets have the branches fused together, forming 
rods which are used to transfer the sperm to the female. On the 
female the first pair of swimmerets is consid(^ral)ly reduced. The 
sixth and last segment bears the tail which consists of three sep- 
arate short broad segments used for swimming. 

The female attaches her eggs to the swimmerets and carries 
them about with her until they hatch; and the young remain 
attached to +he ^..;rpnt for several days, as a rule. 

Probably because they are predatory and equipped with for- 
midable weapons of offense, crayfishes frequently engage in com- 
bat, fighting bitterly until one of the contestants is vanquished. 

Crayfish(\s an^ miniature fresh-water editions of lobst('rs and 
they are edible — in fact, quite palatable. In Europe they are used 
ext('nsively as food. Crayfishes, like sjaders, are capable of remov- 
ing injured or ca])tur(^d parts, which are soon regenerated. This 
practice of self-mutilation is known as autotomy. 

Other stream animals arc discussed in the chapters on Amphibia, 
Reptiles, and Fishes. 
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CHAPTER IX 


THE LIFE ON AN OCEAN BEACH 

While a groat number of peojile never have the opportunity to 
study at first hand the animals that are to be found on an ocean 
beach, these animals are of such a peculiar and often spectacular 
nature that they command consid(irable interest among the people 
who seldom if ever see them. Most nature books display pictures 
of the queer-looking and picturesque cn^atures that live between 
the tides or in th(^ shallow waters along the shore. 

A great number of animal phyla are represented in even a 
limited section o^ ^^he seashore. Among these are worms, jellyfishes, 
sponges of many kinds, corals, ctenophores, colonial hydroids, sea 
feathers, sea anemones, bryozoans, starfishes, brittle stars, sand 
dollars, s(\a urchins, sea lilies (crinoids), sea cucumbers, (*lams, 
snails, conchs, nautilus, squids, octopus, hermit crabs, chitons, 
lobsters, crabs, shrimps, sea spiders, horseshoe crabs, and numerous 
small crustaceans that are closely related to fresh-water forms. 

Occasionally during heavy storms, fishes of many kinds includ- 
ing the unique sea horses and sharks, and even whales, are some- 
times toss('d up onto the beach by the waves. Sea lions are occa- 
sionally seen on the rocky beaches in a few sections; and dvrring 
the mating seasons the giant sea turtles come to the sandy beaches 
to lay their eggs. In addition to the animals listed here there are 
eggs and egg masses of many sea-dwelling animals; and sea weeds 
of many kinds as w ell. 

Numerous birds patrol the beaches; and gulls, terns, herons, 
sandpipers, plover, fish hawks, pelicans (in southern waters), ducks, 
and a host of other waterfowl may be seen, sometimes in abun- 
dance. 

It should be mentioned that many of the animals listed here are 
on the beach due to accidental transportation. Many of them 
live in the shallow waters off the shore; and since most of them are 
sessile, floaters, or poor swimmers, they are either left stranded by 
the receding tide or they are tom from their attachments by high 
waves which denosit them on the beach. The jellyfishes represent a 
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group that are, in the main, floaters, although some of them have 
weak powers of locomotion. These become ready victims of wave 
action. 

It must not be supposed that all of the animals mentioned 
above will bo found on any one beach or in any one section of the 
coast. Some of them are northern, while otluTs are more southern 
in their distribution. Furthermore, the kind of beach will deter- 
mine, to a large extent, the life that is to be observed on it. Sandy 
beaches, i)ebbly beaches, muddy beaches, and stony beacdies will 
all present dilierent faunas, although some of the animals will be 
found on all of them since weaves do not discriminate among 
beaches upon which to cast helpl(\ss victims. The presence of 
inlets, tidewater pools, and estuaries along the coast provide addi- 
tional haunts in which many shallow water animals can be studied 
alive. 

The drift line, in which are to be found numerous sea-dwellers, 
also attracts birds, s])iders, tiger beetles, carrion beetles, ants, 
flics, and other animals which do not form a counterpart of the 
oceanic fauna. Some of the animals on the beach are permaiK'iit 
residents there, burrowing into the sand when the tick' comes in and 
awaiting its recession, or they retreat before the rising water. 
Many of the b(^ach-dwellers live in burrows beyond the high-tide 
level and conu' out to forages only at night. The bc\st time to study 
the b(^aches is from twilight to dark and early in the morning just 
before the rise of the sun. At these times many of the swimming 
forms which avoid the shallows in the daytime conui close to the 
shore where they can be observed. The wTitcT, while studying the 
Florida west coast and the (^oast of the Adriatic Sea in Italy and in 
Jugoslavia, used a i:)owerful flashlight at night and was well r(‘- 
warded for liis efforts. Many additional s])ecies can be collected 
and observed at night under favorable conditions, especially th(> 
luminous ctenophor(\s, jellyfish(\s, crabs, worms, and protozoans. 
Any student who has the op})ortunity to study the ocean Ix'ach 
should not miss the thrills of seeing the light-producing organisms 
at night. 

It is evident that the list of animals mentioned here is too large 
for discussion in a work of this kind. Furthermon^ then' are 
thousands of others including rotifers, protozoans, minute crusta- 
ceans, and a host of species of shelled mollusks which have no place 
here. 











Platk 11. Common iinimals of fiio 'i(*;*siioi('. 1, Starfish (Astcrias) aboral 
vi(‘\v; 2. Oral view slio\vi;ii: tuho f(cl, from CUai. Ihol. Supply Co.; 3. Crinoid 
(f*(‘nfnrrinus maclcfimnii.'i), from Cirnbriilge Natural lliyAnrif aft(‘r Hcj^iu'r; 
■1. Al)«>ral view of :i l)rittli‘star (( }ffhio(j!}/j)fius hullatti)^ after Thoniijson from 
Ili’KiK'r; o. Sea fau (donjnnia) ((\u‘lriitrrata-Anthozon); (>. lirain coial, fnmi 
(i(Mi. Biol. Supply Co.; 7. Starfish {Asfcriuc), from (lou. Biol. Supply Co.; 
8. Hermit crab (Payurus) in a snail shell, after Hegner; 9. Sea horse fish 
{flippftcauiputi), after Ilegner; 10. Fiddler crab (Una crcnulata); 11. King crab 
{Liinulu,'^ pftJpphcnius) (Ararhnida); 12. Edibh'crab (Cafh'nvrtcs), after Hegner; 
13. Prawn (('ru.'itnrca-Palnctnonidac)^ from Hegner; M. Hermit crab out oi a 
.shell, after Hegner. 
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We shall briefly discuss the most common and striking forms 
only, although these are not necessarily the most inter(\sting. Many 
books have been written about the inhabitants of the beaches and 
about oceanic animals in general. The most available^ general 
volumes are listed at the end of this discussion. 

The echinoderms. The c(^hinoderrns are characterized by 
tough or hard outer coverings which bear spin(\s (excepting the 
Holothurians) and other structures. All are radially symmetrical 
in the adult stage, and most of them are composed of five radiating 
parts or antimeres. lliere are no terrestrial or fresh-water echi- 
noderms, which is characteristic only of this phylum. 

There are many species of starfishes, but all of them are built on 
the same general plan usually with five (or multiple's of fi\'(*) arms 
or antimeres radiating from a central disc producing the well- 
known star shape. There are a few exceptions to the pentamerous 
arrangement, notably the 6-rayed starfish of the west coast. The 
covering is a thick, tough integument from which protrudes blunt, 
calcareous spines. At the bases of the spines are pincer-lik(' st riuv 
tures known as pedicellariae which seem to function in kc'cping 
the body surface clean and esi)ecially the membranous protrusions 
called dermal branchiae which are respiratory striKJtures. In the 
central disc there is a stony, hardened, roundish structun' (*allod the 
madreporite which is the opening of the water vascular systt'in. 

The anal opening is also located on the aboral body disc, but it is 
usually invisible. At the tip of each antimere, arm, or ray is a 
reddish eye spot. 

On the underside or oral side may be seen the centrally located 
mouth surrounded by a fleshy peristome. Extending from the 
peristome in each arm is a groove known as the ambulacral groove. 
It is lined with movable ambulacral spines. From the groove ex- 
tend the long, cylindrical tube feet by means of which the starfish 
moves about. The action of the tube feet is regulatexl by internal 
structures called ampullae. With the tube feet the starfish can 
cling tenaciously to rocks and other objects, and with them it ad- 
heres by means of s^ption to the shell of an oyster which is one of 
its foods. By exerting a steady pressure the shell muscles of the 
oyster weaken and the valves gradually open. The starfish then 
devours the oyster by everting its fleshy stomach over the body of 
its prey. It is interesting to note that a starfish can automatically 
shed an arm (autotomy), and it can regenerate any part that may 
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be lost through accident. Starfishes irihal)it the shallow water in 
the tidal zone. They are often of brilliant hue. Some species are 
shown in Plato II (Figs. 1, 2, 7). 

The brittle stars or serpent stars res(*,mblc starfishes in general 
form, but their arms are long, slender, and serpentine in shape and 
movement. They lack the ambulacral groove and they have no 
pedicollariae or anus. The usual number of arms is five, although 
SOUK' s]^e(*ies have six. The oral side is the underside and the mouth 
is star-shaped. 

The s(»a urchins are almost hemispherical, most of them having 
convex aboral or upper surfaces. The skeleton is composed of 
elevated, grc'atly convex, calcareous plates, fused together. It is 
cornpac't, but its pentanierous .structure is quite visible when the 
spines are removed. The spines which are movable cover the 
entire uj^per surface of the body and give it the appearance of a 
h('dgc‘h()g from which the cchinoderms derived their name. In 
some s})(‘cie.s the spines are very long, while in others they are 
comparatively short. Pedicellariac are present, but they usually 
have thr('e jaws instead of two, which is the number in starfishes. 
The oral surface is downward, and it is flatter than the aboral or 
dorsal side. Movement is effected by the spines on the periphery 
of the ventral or oral side. The mouth is located in the center of the 
oral surface. 

Sand dollars are the flattened, brittle, disc-like animals fre- 
quently found on the beach. The skeh'ton is found much more 
frequently than the whole animal. The sand dollars are closely 
related to the sea urchins, but their oral surface is very flat and the 
dorso-veiitral depth is small. For this reason they are given the 
common name sand dollar to distinguish them from the sea urchins. 
The aboral or dorsal surface is usually arched or ridged. The 
skeleton is composed of five antimeres which are attached to a 
central body disc. The body is covered with calcareous plates and 
short spines which are ea.sily rubbed off. Sand dollars (native) 
range in size from finger-nail size to five or six inches in diameter. 

The sea cucumber is a fleshy, elongated, more or less cylindrical 
echinoderm which lives at varying depths and which is often found 
washed up on the beach or in the shallow water off shore. The skin 
is usually warty and flexible; and it lacks the calcareous spines 
which characterize starfishes and sea urchins. 

The sea cucumber does not have the oral side directed down- 
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ward. It rests, as a rule, on one side at the bottom with the mouth 
at one end of the cylindrical body. The mouth is surrounded by 
ten or more long, branched tentacles which are in constant motion 
when the body is extended. When disturbed, the sea cucumber 
contracts so quickly that water is forcibly ejected. 

The mollusks. The squid, Loligo pealei (Plate III, Fig. 8), is 
an elongate, somewhat cylindrical, but partly flattened cephalopod 
which inhabits the waters of the Atlantic coast. There are eight 
fleshy, sessile, t mtacular arms and two elongated tentacles at- 
tached to the head. Both the arms and tentacles are supplied with 

rows of suckers, the former with two 

^ rows and the latter with four rows. 

’ X. 7*^- A pair of prominemt eyes are located 

X I on the sides of the head. The upper 

Bl\\ • I ^ I surface is covered with a mantle, and 

I present. The internal shell is 

— c. long, chitinous, and pen-shai)ed. The 
siphon is visible underneath the head, 
f / /| Squids are excellent swimnua-s aiid 

I pursue their victims with amazing 

g. e. * speed. When pursued theinselv('s, 

Fio. 48. The feature., and disdiarKO inky material into the 

measurement of a snail shell. W'atcr. This clouds the wat(*r and 
a. Apex; b. Spire; c. Operculum; makes it possible for them to escape 

d. Lip; f. Lmbilicus; h. Suture; (enemies ill darkni'ss. There arc 

1 . Columella, a.-e. height; g.-j. • i i i 

diameter. After Melassonos. many rather eommon scpiids through- 
out the wwld, and all of th(‘m are 
built on the same general plan. One species is said to attain a 
length of fifty-five feet and is the largest of all invcalelnatc^s. 

The octopus or devil fish is one of nature^s grotesque monsters 
(Plate III, Fig. 6). It is feared in many sections wdien; tlu* sp(»cies 
attain a large size. The smaller forms are often found atta(*h(‘({ to 
rocks in tidal water. There are eight arms or tentach^s, and these 
have several rows of suckers on the undersides. With these arms 


Fig. 48. The feature.s and 


i. Columella, a.-e. height; g.-j 
diameter. After Melassonos. 


the octopus encircles its victim wdiich is held the suckers. Like 
the squid, the octopiis discharges black fluid from its ink bag in 
order to confuse its enemies w^hen it is pursued or attacked. Like 
the squid it can change its color and is edible. They both belong 
to the Cephalopoda (head-feet). 

The shelled mollusks comprise those with one valve (univalve) 
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and those with two valves (bivalve) shells. The common oysters, 
clams, scallops, fan shells, angel wings, edible mussels, bearded 
mussels, and scores of others are bivalvular. The shells may be 
heart-shaped, fan-shaped, circular, or oval. Some of them are 
almost triangular. The shells may be rough, smooth, or corrugated. 
Some of them are almost transparent and thin, while others are 
thick and opaque. A number of 
them are brilliantly colored, al- 
though in many sj^ecics the con- 
spicuous sIk'H markings do not 
appear in living animals. 

The v:dv(\s aie hinged and of- 
ten tec'th are present. In most 
of them the vah’es are opened and 
closed by adductor muscles which 
are attache''^ k. the inner surfaces 
of the valves. A mantle is present 
and this secretes the shell. Lines 
of growth are usually visible on 
tlu^ shell. The structure of the 
shell is described in connection 
with fre.‘/.i-water mussels. Loco- 
motion is eflect('d in several ways. 

Some (K' tlu' bivalves swim by 
oi)eni7)g and closing the sliell, 
while others (Pelecypoda) have 
a hatclu^t-shapf'd foot by means of which they propel themselves. 
Some bivalves burrow while others remain on the bottimi or swim 
al)oat ill search of food. In the more sedentary forms two sij^hons 
are asually ])resent. 

ft would not be possible to describe any number of individual 
species here, but some of them are pictured in Plato III. The 
bivalves range in size from dainty finger-nail clams to gigantic 
forms (ov(*r four feet) in the South Seas. These large inollusks are a 
serious menace to swimmers. They belong to the Class Pelecypoda 
(hatchet-feet). 

The univalves include the well-known conchs in which the 
‘‘noise of the sea^^ can be heard when they are held to the ear. The 
noise is really the circulation of blood in the listener. Snails, tooth 
shells, limpets, ladder shells, the measled cowry, cameos, helmet 



Fig. 49. Egg mass of a giant sea 
snail or whelk. 
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shells, nautilus, and others have univalvular shells which may be 
chambered. Some of them are pictured in Plate III. Most of them 
are gastropods and move about on the underside of the body 
(stomach-footed) . 

The chitons are bilaterally symmetrical mollusks with an 
anterior end bearing the mouth and a posterior end in which the 
anus is located. The shape of the body is oval and the shell is 
composed of eight transverse plates. Most species of chitons have a 
ridge along the n median line (Plate III, Fig. 13). Chitons belong to 
the Class Amphineura (double-nerve). 

The coelenterates. Jellyfishes are commonly found on beaches 
almost everywhere. Being weak swimmers, they are transported 
mainly by currents, and they become easy victims of the waves 
and tides which toss them onto the beaches. They are almost 
transparent, jelly-like animals with a circular outline. The dorsal 
surface is convex (exumbrclla), and the underside or oral surface is 
concave (subumbrella). Most of the jellyfishes belong to the Class 
Scyphozoa (cup-animals). 

The jelly-like material is called mesoglea, a non-cellular sub- 
stance between the two cell layers of which the bodies are com- 
posed. Within the body may be seen radiating lines which are 
canals. The canal systems are variable in the host of species that 
exist. A hollow interior in which the stomach pouch or i)ouches are 
located may also be observed. The corivolut(?d structures along the 
canals or in the stomach pouch are the gonads or rc*produ(itive 
organs. These proliferate the germ cells. Usually the sewes are 
separate. 

Around the jieriphery of the jellyfish and suspended downward 
are numerous tentacles of varying length according to species. 
These tentacles are supplied with specialized cells which manufac- 
ture nematocysts or stinging hairs which are irritating and fre- 
quently poisonous. When a jellyfish is disturbed, thousands of 
these nematocysts are discharged, and they penetrate the bodies of 
enemies. Jellyfishes should nc'ver be handled when they an' aliv(', 
and the observer shguld exercise the precaution of making sure 
that the animals are dead before picking them up. On the oral 
surface is the four-sided mouth or manubrium surrounded Ijy oral 
arms which hang downward. In some species a meinljranous 
covering or fold is present on the subumbrella or around the 
periphery. This is called the velum. The jellyfish does not swim 
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by using the tentacles, as one would suppose, but largely by con- 
tracting the bell-shaped body and forcing water from beneath the 
velum or from the body cavity. The life histories of jellyfishes are 
often very complex and the early stages are gencirally very different 
from the adult stages. Jellyfishes are simply constructed; and yet 
they hav(? organs of equilibrium on the periphery. The balancing 
structures are variable in number and complexity. On the small 
jellyfish, GonionemuSy tluire are four of these structures known as 
statocysts. In the common scyphozoan jellyfish {Aurelia) of the At- 
lantic coast there are eight more highly developed organs called t(m- 
taculocysts. There are many species of jellyfishes, and they range 
from microscopic forms to huge animals several feet in diameter. 
These larger on(\s may be very dangerous. The common species of 
jellyfishes on the Atlantic coast are Aurelia (4 inches), Gonionemus 
(1 inch), Eutima (2^ inches), Zygodactyla (5 inches), and Aequorea 
(3-5 inch('s). The jellyfishes are sometimes brilliantly colored. 
Many oi theia change color, and numerous species are lu- 
minescent. The student can ascertain the structural features in 
detail by refc'rring to College Zoology by Hegner (The Macmillan 
Comi)any). 

Related to the jellyfishes are the corals. These coelenterates 
construct stony skeletons to support their soft bodies. Some of 
them are unique in appearance, assuming varied shapes as illus- 
trated liy the staghorn coral, star coral, fan coral, and brain coral. 
Corals are most abundant in warm seas, and a number of them are 
used in making jewelry. It may be mentioned that individual 
corals ari' flower-like animals with tentacles. They live in tree-like 
colonies as a rule, and a colony may contain hundreds of in- 
dividuals. Their skeletons compose the well-known coral re(‘fs. 
Adult corals arc sessile. A number of corals are shown in 
Plate II. 

The s(\a anemones are flo\ver-like, solitary, sessile or sedentary 
coelenterates, as a rule. They are erect, cylindrical animals with 
numerous tentacles around the upper end in the center of which is 
the mouth. Many of them, too, are brilliantly colored, the purple 
ones being very conspicuous. The base is a broad, adhesive foot 
which clings to objects although the animals Cv‘>.ri move about. In 
addition to stinging nematocy.sts, the sea anemones have long, 
hair-like structures called acontia which they can forcibly extend 
through pores in the body wall. The acontia are well supplied with 
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nematocysts. The common, brown Meiridium is the genus most 
commonly found on the northern coast, while Sargartia is the most 
common species southward. One worm-like, burrowing species, 
Eloactis productaj extends along the Atlantic coast from Capo Cod 
almost to Florida. Living sea anemones should also be handled 
with care. The corals and sea anemones belong to th(* class An- 
thozoa (flower-animals). 

Not infrequently there are plant-like structures with stems and 
branches on the beach, and they can easily be mistaken for small 
plants. When examined with a magnifier, the student miiy be ('ven 
more convinced that they really arc plants. However, a close 
examination will show that they are colonies of small, sometim(\s 
very minute, coelonterates called hydrozoans. 

The stem is the mother animal, and small flower-like incumbers 
of the colony grow as buds on the main stem. They arc' called 
hydranths. Each bud or branch represents an animal; each has 
tentacles surrounding a mouth; and each captures food with its 
tentacles, which hav^e nematocyst cells. The tentacles also transfer 
food to the mouth, which is surrounded by a raised portion called 
the hypostome. The food is digested by the cells lining the gastral 
cavity or coelenteron, after which the phylum is named {Codcri- 
terata — '' hollow-intestine '0* On each colony of hydrozoans thc'ro 
are buds or branches which are different in appoaranc'c' from the 
hydranths and which lack the tentacles. These are the) gonangia or 
reproductive animals, and they take care of the propagation of the 
animal colony. In the gonangia small medusa buds arc produced. 
These medusae resemble tiny jellyfishes, which they really are. 
The medusae proliferate the g(irm cells Avhich unite and start a new 
colony. Two int('resting factors are observable in this nu'thod of 
reproduction. In the first places, the colony starts from medusae and 
then develops into hydroids or polyps. Secondly, the colony starts 
by sexual methods, and thc^ animals grow as branches or buds on 
the main stem or mother animal by asexual methods, thus effecting 
metagenesis or the alternation of generations. The presence of 
more than two kinds of animals in a colony is an illustration of 
polymorphism, lliis organization is not characteristic of all 
hydrozoans, however, but it is found with some slight modifica- 
tions in Sertulariay Camyanularia, Bougainvillea, and csi)ocially in 
Obdia. The colonies of these animals are several inches in length 
and grow in the shallow waters attached to rocks and other objects. 
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The details of stru(;ture (;ari be found in almost any zoology text. 
Other g(‘iK‘ra are: Stomotoca, Eudemlrium, Raihkea^ Fennaria, 
Ilybocodon, Thuiaria, Antennularia, and Tubularia, These and 
also hydras and the jellyfish Gonionemus belong to the Class 
Uydrozoa (serpent-animals). The serpent-like tentacles on them are 
responsible for the name. 

The arthropods. "J'he arthropods have many representatives 
in the beach fauna. This phylum contains more specie?s than all 
other animal groups togetluT. Tlie main and distinguishing 
chara(*t('rs of the arthropods arc discaisstid ('ls(;\vh(Te. It might not 
be amiss to nuMition here, however, that crustaceans, spiders and 
their relatives, myriai)ods, and insects belong to this group. Of 
these tlie crustac('a are most numerous in the ocean fauna, although 
many iiisf'cts are attra(;ted to the decaying bodies of marine ani- 
mals on the beach. 

'riie largest ..i rriost conspicuous crusta(*c^ans seen on bea(*hes 
are the loI)st('rs. Very few of lh('m are ever found on the l)each 
however. The characters of the lobster are largely those of th(» 
crayfish (Fig. 24), and its (‘hief difterences are those' of size and 
habits. The lobst('r is ratlu'r northern, and it is takc'ii in great 
abundanc(' for food. On thc» Florida coast and the Gulf coasts, 
howev(‘r, there' occurs the spiny lobster or Florida crayfish which 
has a gn'at coinnK'rcial value. It differs from the true lobster by 
the abs(*iic(' of pinci'rs, its spiny carapace, and smaller size. 

Crabs ar(' imnn'rous nil along the coast; and many of them are 
valiu'd highly as food. In tlu' crabs the cephalotliorax is sh-r't and 
l)road; tlu' antennae an? short; there are few abdominal append- 
ag('s, and the.se are us('d primarily for reproductive punwes; the 
ey('s an' stalked; and the abdomen is almost invisible from above 
because it is l)ent under the carapace. 

Some of th(' smaller crabs include the oyster crab (Pinnotheres 
ostreum), th(' h'lnale of which inhabits the mantle cavity of the 
oyster. Tlie male is frc'c-living. The mussel crab (P. iriaculatus) 
liv('s in the mantle cavity of the mussel. This species is from eight 
to ten mm. long. 

The ghost crab (Ocypode albicans) has a square carapace with 
distinct, raised margins at the sides. The eyes are club-shaped, 
and the legs have tufts of bristles on their edges. This .species is 
about four cm. long and is found in burrows where it rests during 
the day. At night the crabs emerge by the thousands and patrol 
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the beaches. Their burrows are usually near the high-tide level, 
but occasionally further away from the water. 

The green crab (Carcinidcs macnas) is about four cm. long with 
the carapace broader than long. There are five acute tec'th on each 
side of the carapace. It is usually found under masses of seaweed 
or under rocks in the tidal zone. 

The lady crab (Ovalipca ocvUatus), so-called because of its bright 
color, is an inhabitant of sandy bottoms where it buries itself, 
leaving only ‘ts stalked eyes protruding above the sand, "riie 
yellow color is marked with spots of reddish purple. The species 
is 5 cm. long and 6 cm. wide. 

The mud crab (Panopcus sayi) measures 1.6 cm. in length and 
2.5 cm. in width. It is one of several species found under stones 
on the beach below the high-tide mark. 

The toad crab, measuring eight cm. in length and 6.5 cm. in 
width; the rock crab {Gamer irroi'atus), which is about sc'ven cm. 
in length and ten cm. in width; and the northern crab or Jonah 
crab (C. borealis) ^ which is about th(i same siz(‘, are found in tlu? 
shallow offshore wat('rs among debris. 

The edible blue crab {Callinectes sapidus — Plato II, Fig. 12) 
is the largest with a length of seven cm. and a width of 13 cm. It 
is the species commonly served in restaurants. The color is bluish, 
and there are eight teeth on the margin between the eyes and the 
lateral spines. The last pair of legs have the terminal joints flat- 
tened into oar-like paddles for swimming. 

Another interesting tiny species, measuring 2.5 cm., which is 
found in burrows close to the low-water mark and occasion- 
ally running with th(^ wash of sand, is th(i “sand bug'^ crab. 
It is oval in shape and strongly convex above. The second 
pair of antennae are curved and plume-like. The ('yes are 
borne on slender stalks, and none of the legs are chelatc'. The 
color is whitish with tints of lavender above and yellowisli on the 
underside. 

The hermit crabs are those which inhabit the empty shells of 
gastropod mollusks. These shell homes are carried about with 
them as a protection for their soft abdomens. They are very 
common on the beaches where they may be seen dwelling in shells 
with their strong pincers- extended. The one claw is considerably 
longer than the other, and they are often referred to as the long- 
armed crabs. One species is called the hairy or warty hermit 
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crab (Pagurus pollicarifi). It is considerably larger than Pagurus 
longicarpiiSy which is more common. 

The fiddler crabs are the most interesting of all. They burrow 
in the sfind at a considerable distance from the water. The en- 
trance of the burrow usually has an arched mound of sand, and 
in the entrance the crab stations itself. In the females the pincers 
are of (Hjiial size, but in the males the right one is greatly developed. 
The nio\^ement of the pincers or chelipeds is that of a fiddler 
sawing with a bow. The largest species is 2.5 cm. long and 3.5 cm. 
wide (Plate II, Fig. 10). 

Attached to rocks and the piling supporting wharv’^es are seen 
the barnacles, comprising a number of common species. The 
shells of the barnacles are very hard in (‘omparison with other 
cnistac('ans. The six pairs of hairy logs are curled; hence the name 
Cirriprfliny which means curl-footed. The familiar goose barnacles 
have tilt* sIk'II mounted on a long stalk. The ivory barnacle (Ba~ 
lanua cbnnicuf$) is st\ssile and has a low, conical shell. It and other 
relat('d specie's in the family Balanidae are commonly found at- 
tached to the shells of mollusks such as oysters. 

Asi(l(' from the almost microscopic crustaceans such as ostracods 
and clado(‘erans, thc're are water sowbugs (Isopoda) not vastly 
different from th(^ fr('sh-water forms. A great number of scuds or 
benders {Amphipoda) are also to be found in the water at its edge. 

The arachnida. The horseshoe crab, Limidus (Plate II, Fig. 11), 
is a large cral)-like animal which really belongs in the spider group 
(Arachnida). Its body is com])osed of a horseshoe-shaped ccphalo- 
thorax, a roughly triangular abdomen, and a long, spine-like tail 
which is as long as the rest of the body. The dome-shaped anterior 
of the cephalothorax bears a pair of compound eyes and a pair of 
simph' eyes. On the lateral margins of the abdomen there are row’s 
of movable spines. 

There are six pairs of legs. The first pair are small and bear 
w’eak claws. There is also a tuberculatc organ on the first pair of 
legs, and this is supposed to function as an olfactory organ. On 
the terminal segments of the sixth pair of legs there is a leaf-like 
ej^pansion known as the flabellum which is for the purpose of 
aiding the animal as it pushes itself through the sand. The pincers 
on the second legs of the male are somewhat enlarged for clinging 
to the female. The six pairs of plates w^hich comprise the opercu- 
lum and gills are arranged so as to form a respiratory book. The 
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queer-looking, eight-legged, crawling, spider-like animals found 
among debris or clinging to hydrozoans are sea spiders which are 
of uncertain position, taxonomically. Many of them are grotesque 
in form. All native sea spiders are snipJl, measuring not more 
than two cm. in length and with a spread of not more than 140 cm. 
Giant forms inhabit the great depths of the ocean. 

The insects are all terrestrial or fresh-water inhabitants. Only 
one, Ilalobates, a strider, is found on the ocean where it skims 
the surface of the wat(^r. 

The student vho studies the ocean beach should coll('ct every- 
thing available and then refer to technical works or s])eeial books 
for complete data. 

The sponges. The sponges, while many-celled, are very lowly 
animals with little justification for their being placed among higluT 
animals. They are all sessile and scidentary in the adult stage, 
and the greater number of them are immobile when young. As a 
result of their sessile habits, the sponges assume tlio general forms 
of plants. In the sponges, the two cell layers arc sejjaratc'd by a 
thin layer of jelly. The jelly is conspicuous in only a few species 
of sponges. 

The body of a simple sponge consists of a central cavity sur- 
rounded by the inner cell layer and with an opening at the free 
end called the osculum. Through the osculum waste ])ro(lu(‘ts 
are discharged with the discharge of water. The ))ody is sup- 
ported by a skeleton constructed by the outer layer of cells, and 
it is perforated with myriads of small ])ore-likc openings tlirougli 
which water enters the body. In complex sponges, the })ores open 
into canals which conduct the water carrying food into tlie gastral 
or body cavity where digestion takes place. The cells of the inmn- 
layer take care of nutrition. 

The skeleton in some sponges is composed of calcareous, needle- 
like structures called spicules. These are variable in shape. In 
other sponges such as the^ household varieties the skeleton is com- 
posed of soft material with the texture of silk. This is called sf)on- 

gin. 

Sponges are most abundant in tropical and subtropical seas, 
and they are cultiva^fed in sponge gardens on the floor of the ocean 
for commercial purposes Sponges reproduce chiefly by budding, 
although gemmulation and modified sexual methods are employed 
in some species, particularly in fresh-water forms. In bud- 
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ding, the new sj^onge simply grows as a branch on the parent 
animal. 

Sponges are classified on the bases of skeletal structure and on 
the complexity of the canal systems. In the latter classification 
there are ascon (a simple conmiction betw(?en thcj outside and the 
gastral cavity); sycon (a more complex system with incurrent 
canals, prosopyles, apopyles, and radial canals); and rhagon (a 
very compl(*x canal system) types. Technically and taxonomically 
sponges are grouped according to their skeletons. The principal 
classes arc^ Calcarea^ Hexactinellida, and Demospongiae (sponge 
of the peoph'). 

On the beach, sponge's are abundant. The simple sponges which 
are usually small (oiHvhalf to one and one-half inches) are found 
attached, somc'times in colonies, to rocks and shells. Leucosolcnia 
(ascon), which is common in shallow water from New Jersey 
northward, and (haniia (sycon), which has about the same range, 
are common. Tncy have skeletons composed of spicule's of lime. 

The finger sponge's, Chalina oculaia and C. arbuscula^ are rather 
small sponges which have a dendritic or tree-like shape. There 
may be' numerous branches, anel the height is about one and one- 
half inches. The bre^ad crumb sponge {Halicondria panicea), 
which is sliaped like an irregular mass of bread, grows in a mass 
several inches in eliameter. Living specimens are usually yellow 
or orange in e'olor. 

Many of the^ tree sponges are bright red in color; and Esperiop- 
sifi ohliqua, whie*h stands about eight inches high, is fairly com- 
mon on the entire Atlantic coast. Larger species are found in 
Florida waters. 

Euspongia is a genus with varied individuals including the glove 
sponges. These are sometimes called basket sponges. Their shape 
is a section of an inverted cone. The sheep's wool sponge grows 
like a mass of wool, and the horse sj)onge (Hippospongid) is also 
like a piece of conical, rough pottery \vhich is wide at the top. All 
of these are soft sponges and have vsomc commercial value. 

The student is urged to use special works for identifying the 
sponges since there arc so many species found on the Atlantic and 
Gulf coasts. 

The worms. There are myriads of small worms inhabiting the 
shallo\v waters along the shore where they are usually associated 
with algae or debris. There are also many that burrow into the 




Plate III. Some animals occasionally found on tlic ocean beach. 1. Murex, 
from Hegner after Tryon; 2. Crepidula, from Hefner aftiM- Tryon; 3. Cha- 
ronia, from Hcgner after Tryon; 4. Conus; 5. Buscyon, from H(‘jrn(*r aftei 
Tryon; 6. Octopus, from Hcgner after Johnson and Snook; 7. Cypraoa; 
8. Squid, from Gen. Bid. Supply Co.; 9. Acmea, from Hcgner aftci- Tryon; 
10. Neptunea; 11. Strombus, from Hcgner after Tryon; 12. IJrosalpinx, from 
Hegner after Tryon; 13. Chiton; 14. Dentalium; 15. Littoriiia, from Hcgner 
after Tryon. 
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sand in the intertidal zone. However, many of these worms are 
so obscure and so difficult to identify that it requires a broad 
knowledge of helminthology to classify them. There are, however, 
a few larger forms of interest. It is always a good idea to collect 
intensively and then take the material to the laboratory where 
binoculars and references are available. Worms can be found in 
tubes which are often attached to shells and rocks, and other 
forms can bo collected by carefully examining algae and masses 
of weeds. Many kinds of worms lie burie^d in the sand with only 
the head protruding. Fn^e-swimming forms are best collected in 
fine m('sh nets. Ail can be preserved in 80 per cent alcohol or 
15 per c('nt formalin solution. 

The saiidworm, or marine worm, Nereis, is the most conspicuous 
form. It is a polycliaetc (many bristles) annelid or segmented 
worm that is common on beaches. Nereis has a well-developed 
head and a total of sometimes 200 segments. Fleshy protrusions 
called parapodis # x'r nd from the sides. These increase the respir- 
atory surface since the animal breathes through the body surface. 
Nereis lie's buried in the sand when the tide is in. Most zoolojE^y 
classes study this worm which may reach 30 cm. in length. Males 
are stc'cl blue with gn'en at the bases of the parai)odia, whih' the 
females arc greenish and tinted with red and orange. 

The scaleworms are distinguishable by the series of plates or 
elytra along the lateral margins. They range in size from three 
cm. to 15 cm. 

The lugworni is an elongated, cylindrical form with a swollen 
anterior region wdiich is blunt at the end. The j^arapodia i.re 
rudimentary, and those in the middle region bear gills. The color 
is dark, brownish green. It lives in d('ep burrows near tin* low- 
tide level and may reach a length of 20 cm. 

The abo\'e worms are related to earthworms, and they reprc'- 
sent but a IVnv of the numerous species to be found. 

The sea horse. AVhile there are numerous fishes to be found on 
the beach, they are as a rule infe.sted with maggots and other in- 
.sects and therefore unpleasant to handle. There is one inhabitant 
of the shallow .seas where marine plants grow that is vastly dif- 
ferent from other fishes. In fact it is so unique that it could easily 
be mistaken for something other than a fish. The sea horse {Hippo- 
campus) is a true bony fi.sh (Plate II, Fig. 9) which bears a super- 
ficial resemblance to a horse-head. It is a small fish, being only 
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several inches long. It lives among the water plants where it 
suspends itself by holding on to the plant stems with its tail. 
The sea horse holds its head erect and swims by moving its body 
back and forth with a bobbing or hobby-horse movement. TIk? 
breeding habits of this fish arc unique. The eggs are carried in a 
pouch on the underside of the body of the male where they remain 
until hatched. The young stay in the pouch until they are able 
to take care of themselves. 

A salt-water aquarium. Many of the animals characteristic of 
the beach assc? iatiori can be kept alive in the home or in the labo- 
ratory in salt-water aquaria. Starfishes; snails and other gastro 
pods; bivalves such as clams; chitons; s('a anemones; sea urchins; 
sea squirts; jellyfishes; crabs and smalka* crustaceans; the horse- 
shoe crab; marine worms; and many others can be kei)t for a 
considerable time. Many biological supply houses are prepared 
to supply living animals to those who cannot collect them. Ocean 
water is supplied with the specimens which can be placed in an 
ordinary aquarium tank. The water should be aerated, and simple 
and inexpensive devices for keeping a constant flow of air through 
the water are now obtainable. 

The salt-water aquarium provides an opportunity for observing 
the movements of animals that are seldom seen in tin" living state. 
Some of the marine animals will not endure the artificiality of ii 
small tank for very long, but they can be kept alive long enough 
to observe their llabit.s^ Other sea-dwelling animals can l )0 kept 
from one year to another under ordinary conditions. 
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CHAPTER X 


THE WORMS 

Every collector of soil and water life has encountered worms in 
abundance. The worms constitute a large and generally little- 
known group of animals, but one which is of vast importance in 
the so-called balance of nature. There are many species of worms 
which live parasitically in the bodies of other animals; and nearly 
every wild creature is infested with some sort of worm parasite, 
tapeworms and roundworms being the most common. 

The name worm is generally applied to many animals which 
are not worms at all. Tomato worms, cabbage worms, chestnut 
worms, cut worms, army worms, wireworms, meal worms, grub 
worms, apple worms, and scores of others are really the larva(' of 
insects. The worms may be distinguished from larvae by their 
having, usually, many more body segments; and they do not, as a 
rule, have well-dev(doped heads, mouth parts, eyes, or legs. 

The free-living species of worms, in which the field naturalist is 
interested, are to be found in the soil and in aquatic and semi- 
aquatic situations. These represent several animal j)hyla, and 
many of them are extremely difficult to identify. The mon^ com- 
mon and obvious worms include the earthworm, leecli(\s, fr(\sh- 
water flatworrns, horsehair’^ worms, tubifex, and other relatives 
of the annelids. 

The earthworm, fishing worm, or night crawler is the largest 
and most commonly found free-living, non-parasiti(; worm; and 
everj’^one has some first-hand knowledge about its hal)its. It is 
surprising, however, how many pc^rsons who have baitc'd hooks 
with earthworms for many y(\‘irs actually are not ac(iuaint('d with 
their ext(?rnal characters and their gcMieral habits. 

The zealous fisherman knows that ('arthworms are nocturnal; 
and when the season opens, he may Ix^ s('(*n e(iuij)ped with a flash- 
light, crawling over the la>/n at night, searching for specIimMis 
which have emigrated from tluar burrows in the ground. Ilc'avy 
rains sometimes flood tin? .burrows of the earthworms, and they 
emerge by hundreds and (?rawl over sidewalks. 
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Earthworms are entirely vegetarian; and they devour the roots 
of grasses, strawberries, and other plants. They also feed upon 
vegetable molds. They are usually found in soil rich in hurnus, 
upon which they feed. The worm eats its way through the ground, 
ingesting the earth and digesting the organic matter. The indigest- 
ible sand and other matter passes out of the body with the feces; 
and the pellets or castings greatly enrich the soil. The amount of 
soil turned up by earthworms is sufficiently great to be of economic 
importance. Darwin relates that when he was a boy there was a 
field so covered with stones that a colt could not run over it with- 
out its hoofs striking the stones, and twenty years later the stories 
were completely covered with the soil upturned by earthworms. 

Frequently earthworms come out at night and roll leaves into 
small cylinders and then draw them into their burrows. Sometimes 
daylight overtakes them while at wwk; and being negatively 
phototropic, they desert their tasks, leaving the rolled heaves 
protruding frciii “iitrances of their burrows. The burrowing 
activities of earthworms make the soil porous, and air can pene- 
trate it. This is of agricultural value. 

The earthworm has no eyes; but it is able to distinguish among 
intensities of light, always avoiding bright light; and there is some 
evidence that it responds to mechanical stimuli, such as vibratory 
disturbances, thus exhibiting thigmotropic responses. Earth 
tremors have been known to cause earthworms to leave their 
burrows, and sometimes merely tapping the ground rapidly will 
cause them to emerge. 

Externally the earthworm is seen to bo composed of numerous 
ring-like body segnu'iits, the number usually totaling more than 
one hundred. The fleshy, anterior sc'gment is tlie prostomium, 
which is not a true segiiuait. It overluings the first body segment 
projecting from the underside of which is located the inconspic- 
uous, crescent-shaped mouth. On the ventral surfaces of all seg- 
ments excepting the first three anti the last are four i)airs of bristle- 
like setae which hold the body as the animal pushes and inills 
itself along. The elongation and contraction of the body is made 
possible by the setae. The earthworm cannot prognvss on glass or 
other surfaces which are not rough and upon which the setae 
cannot hold. On the dorsal sides of the fourteenth and fifteenth 
segments, respectively, are located the openings of the oviducts 
and vasa deferentia or male reproductive ducts. The former are 
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round, almost invisible pores; and the latter are revealed by swol- 
len lips which enclose the aperture. Extending from segment thirty- 
one or thirty-two and including segment thirty-seven, is a collar 
or saddle-shaped enlargement known as the clitellum. This plays 
a part in the formation of the cocoon, in which the eggs are en- 
closed, and in the slipping of the cocoon over the head. The 
cocoons, containing the eggs, are deposited in the ground. While 
the earthworm is hermaphroditic and therefore has the generative 
parts of both sexes, it does not fertilize its own eggs; and there is 
always a congi< ss of two individuals in reproduction. 

The anal aperture is a small, oval-shaped opening in the last 
body segment. There are other small openings on the body, such 
as the nephridiopores, through which waste products are dis- 
charged, and dorsal pores; but these are invisible to the? naked fjye. 

The body of the earthworm is covered with an opalescent cuticle 
which glistens in bright light. If an earthworm is cut in two near 
the head, a new head is regenerated; and if bisected further back, 
a new tail is developed. Experiments have been performed in 
which the middle was removed; and the anterior and posterior 
ends were held together until they united, forming a short worm. 
The earthworms, of which there are several species, belong to the 
family Lumbricidae. One .thin, reddish species has a bad odor. 

In the trash and ooze at the bottoms of ponds and smaller 
streams, there is frequently found a relative of the earthworm 
known as Nais, which fs a bristly, writhing, almost transparent, 
segmented worm about 20 mm. long. Nais belongs to the family 
Naididae which includes several genera which are rather common. 

On the bottom may also be seen hundreds of small worms ex- 
tending from chimney-like tubes or cases. When disturbed, they 
immediately withdraw into their cases and disappear. Tlu^se are 
also related to the earthworm, belonging to the family Tubificidae 
of the Oligochaeta. These worms are known as tubifex, and they 
may sometimes be red in color. Another curious segmented worm, 
Chaetogaster (family Naididae), exhibiting tufts of setae, is fre- 
quently found associated with the above species. 

The “hairwormsfe” or “hairsnakes” which are frequently seen 
in watering troughs are parasitic roundworms which have em(Tged 
from insects in which they spent a portion of their lives. These 
long, thin, thread-like worms are supposed by many people to 
be tiny snakes that have developed from horse hairs. This is, of 
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course, an erroneous superstition. There are many of these thread- 
worms, some of them in the soil. They b(?long to a group known 
as Gordiacea; and when disturbed, they seem to tie their bodies 
in knots. 

The leeches and fresh-water flatworms have already been dis- 
cussed under water animals. 

Th() three principal phyla of worms are: 

(1) Plntyhelminthaa or flatworms, including the fresh-water flatworm 
{Plnnariidaf^y ta|)eworms (many families), and liver flukes fthe 
several families are unimportant here). 

(2) Nemathelmnihenj the threadworms or roundworms, including the 
Gordiacea {(lordudae)^ the ])ara.sitic Ascaris (Ascandae), the hook- 
worm {Strori(ijjlidae)f the troincal microscopic worm that causes 
filariasis or clc[)hantiasis {Filarndne)^ and the pork worm Trichina 
( Trichmellidae ) . 

(3) Atwvlida^ the segmented Avorms including the earthworm (Linn- 
bricid(w), leech (Ilirvditndae and others), Nais iXiddidne)^ 
tul)if(»x {T'ufdjicidae)^ and the marine worm or sandworm. Nereis 
(Xerddac), which is found along the seashore. 

Class 1. Chaetopoda (bristle-footed). Anntdids with setae. 

Order 1. PitUjchndn (many bristles). Nereis. 

Order 2. Oliyorhaeta (few bristles). Earthworm, fui)ifex, 
and Nais. 

Class 2. Jlinidinca, The leeches. 

The complete* classification of worms will be found in Chapter I. 
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THE MOLLUSKS OR THE ANIMALS WITH SHELLS 

The mollusks include the soft-bodied animals such as snails, 
slugs, limpets, oysters, clams, mussels, scallops, squids, and octopi. 
Some of them, such as the snails, slugs, squids, and octopi, have 
distinct heads; while others, such as clams, oysters, and mussels, 
are headless. Most of the mollusks secrete shells about themscdves 
as a means of protecting their delicate bodies. The shell may be 
composed of two halves or valves or it may consist of a single 
valve. The oysters, clams, and mussels are bivalves, while the 
snails are univalves. The slug, squid, and octopus do not have 
shells that cover the entire body; and in many of them the shell 
is very rudimentary. 

The majority of the mollusks are confined to the ocean where 
they present a wide diversity of size, form, and habits. Some of 
them are free-swimming; but the majority of them have a feeble, 
crawling locomotion; while quite a number of them are sessile or 
sedentary in the adult stage. 

In fresh water there are snails, limpets, and mussels. These 
include many species which are, generally, more or less localized, 
although many of them are widely distributed; and the mussels, 
particularly, may range through an entire drainage system due to 
their parasitic larvae being carried by fishes. 

The land mollusks include snails and slugs. The land snails are 
easily distinguished from the w'ater species. They occur in dead 
wood, on the bark of trees, on shale banks and rocks, and on the 
forest floor where there are many minute species that can be col- 
lected only by sifting the leaves and debris. The slugs are fre- 
quently found in gardens where they sometimes do considerable 
damage to lettuce and other vegetables; on dead logs and in dead 
wood; and on the ground under stones and logs. 

The water snails are found in ponds usually attached to water 
plants; in streams, attached to stones, and along the margins 
where they are attached' to sticks and stones;. and in lakes where 
the various species adhere to plants or rocks in the shallow^ waters 
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Plate IV. LjiikI Snails. A. Vertigo omita {Pupillidae)^ length 2.2 nim., 
diam. 1.5 inm.; H. Helix aspcrm 22 mm. wide and high; C Vertigo 

vmtricom {Pupillidae), length 1.7 min., diam. 1.1 rr.n>.; 1). Gastrocor * (Bi~ 
fidaria) orminijera {Pnpillidae), hmgth 4.5 mm., ilium. 2.2 mm.; E. Ga,^. .copta 
{Hijidnrin) pentodon (Pupiliidaf^j length 2 mm., diam. 1 mm.; F. Polygyra 
profunda (Udicidae)^ 15 mm. high, diam. 30 mm.; G. Polygyra fcdlax {Heli- 
cidae); H. Outphalirm cuprm {Zonitidae); I. Angitis pi ra solitaria {Endodonti- 
dae); J. Carychiuni exile (Carychiidae); K. Omphalinn iri'^rnata {Zonitidae)^ 
height 15 mm., diam. 28 mm.; L. Strobilops labyrinthica vertigo {Slrobilopsidae); 

M. Strobilops labyrinthica (Strobilopsidae)t 1.6 mm. high, 2.1 mm. wide; 

N. Gastrocopta coniracta (Pupillidae); O. Hnlicodiscus parallelis (Endodonti- 
dae), height 1.5 mm., diam. 4 mm.; P. Bifidaria armifera (Endodoididae), 
length 4.5 mm., diam. 2.2 mm.; Q. Pyrauiidula allemata (Endodontidae), 
height 10 min., diam. 21 mm.; R. Pyranndula solitaria {Erulodontidae), height 
19 mm., diam. 25 mm.; S. Vailonia costnta (Valoniidae), height 1.3 mm., 
diam. 2.7 mm.; T. Succinec avara (Su^^imidae), length 11 mm., width 4.5 
rtim.; U. Striature tniliuni (Zonitidae); V. Gonyodiscif rronkhitei (Endodonti- 
dae); W. Cochlicopa luhrica (Cochlicopidae), height 6 tnm.; X. ifetidersonia 
occulta (Helicinidae); Y. Ventridens suppressa (Zonitidae); Z. Zonitodes a**- 
horem (Zonitidae), height 2.75 mm., diam. 5 mm. Courtesy Dr. Stanley T. 
Brooks, Carnegie Museum. 
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along the shore. The flat, dise-like, univalvular limpets, whieh 
are really snails, are usually found attached to stonc^s in swift 
water, although certain species inhabit ponds. The mussels are 
usually found on the bottoms of (‘omparatively fresh ponds, lak(‘s, 
and slowly flowing streams. Some of the smaller species some- 
times adhere to the w'ater plants. 

Mussels {Pelecypoda). In the larger lakes, ponds, creeks, and 
rivers, the most conspicuous mollusks are the largo mussels or 
fresh- water clams. They belong to the class Pelccypoda which 
means hatchet -oot. Some of these are very large, and tlu^y are 
of commercial importance. The mussels are bivalvular, and the 
halves or valves are bilaterally symmetrical. The valves are held 
togeth(?r at the back by an elastic hinge or ligament. In some 
common species {IJnio) the valves articulate with ('ach otlu^r by 
means of interlocking tooth. In another common genus {Anodontn) 
the t(‘eth are absent (Fig. 44). 

The visible concentric Hues on the outside of the shell are lines 
of growth, and they indicate the manner in which the mantle 
secretes and deposits the shell. The protuberance of the shell 
near the hinge is called the umbo. It indicates the primary area 
of growth. The shell is composed of three distinct layc'rs; viz., 

(1) the thin, horny, transparent, outer lay('r (])eriostracum) which 
protects the inner layers from the chemical action of the water; 

(2) a middle layer of (ralcium carbonate or lime, the prismatic; 
layer; ami (3) an inner lining of motluT of pearl, the nacreous 
layer. The rough margin of the mantle; can somctimc's be sc'en 
around the edges of the shell. 

Two siphons, one of which is fringed, arc visible on the posterior 
end of the mussel. The smaller, dorsal siphon is the excurre^nt 
one through which all waste; matters are discharged. Water con- 
taining foodstuffs enters the body through the larger, ventral 
siphon. 

Locomotion is effected by means of a large, fleshy, hatchet- 
shaped foot which is extended betwc'en the partly opened valves 
at the anterior end. Tlie foot pushes the animal through mud or 
sand, and a distinofc trail is left in passing. 

The valves are opened and closed by the relaxation and tension 
of two large, transverse adductor muscles which hold the valves 
together. The muscles are attached to the inncT surfaces of the; 
valves near their ends. These muscles must be cut by a knife 
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insortod botwcen tlio valves before the body of the mussel is ex- 
posed for observation. In some species there are distinct dif- 
ferences in the shells of the sexes. When a mussel is opened, the 
thin, mc^mbranous mantle is seen to completely surround the 
body. It lines both valves of the shell, and its edges secrete the 
shell along th(^ lines of growth. The mussel breathes by moans of 
two leaf-like gills suspended on each side of the body beneath the 
mantle. The gills are divided into a series of wat(*r tubes by septa 
or lamellae, and the water is forced through th(‘m by means (jf 
motile cilia. In the mussels the sexes are separate, and the repro- 
ductive organs are located in the fleshy foot. The eggs are with- 
held within the gill enclosures until they hatch. The larvae arc 
called glochidia (Fig. 45); and they immediately attach them- 
selves to the gills and bodies of fishes where thc'y remain for sev- 
eral weeks, living a parasitic existence. When all of its structures 
hav(^ developed, the larva (glochidium) drops off; and it then 
leads an indcpendenl existence, heeding upon the organic matter 
carried to its mouth through the vcmtral siphon. The mantle 
builds up the shell as the body grows. Because of the parasitic 
stage, a species may attain a wide distribution, even through an 
entire drainage system of a large river. Fishes, with their powers 
of locomotion well developed, migrate a great deal; and they carry 
the larval mussels into all sections. The blackheads on the gills 
and bodies of fishes are usually embedd('d mussel larvae. A par- 
asitizc'd fish is shown in Fig. 46. 

The larger mussels are used extensively as food by many animals, 
including man. The shells are also used in abundance for making 
buttons; and they are raised for this purpose in the flood plains 
of the Mississippi RivcT and its tributaries. The remnants of the 
shells are ground and included in chicken feed. I^lay are also 
used in making fertilize'!- and in road-making. Pearls are frequently 
found in the shells of the fresh-water mussels, but they are not as 
valuable as those of oceanic origin. Pearls are formed by the mol- 
lusks themselves. The entrance of worms and fon'ign bodies 
causes an irritation which stimulates the secretion of pearly mate- 
. rial about them by the mantle. This pearly material is d('posited 
in thin, delicate layers around the object. Some one has said that 
^Hhe most beautiful and valuable pearl is nothing but the sar- 
cophagus of a lowly worm.'' The Japanese stimulate a greater 
pearl production by inserting foreign bodies into the shells of 




Plate V. Some common water snails. 1. Lyrnriaca mcgasomn (Luinnaeidae); 
2. Campelonia subtiolida {Viviparidae); 3. Pleurocera canaliculaUini {PLaiiro-' 
ceridae)] 4. Lymnam auricAilaria (Lyinmeidne); o. Planorhia trivolvis {Planor- 
biidae); 0. Lymnaea haldemani (Lymnaeidae) mueli enlar/^c^tl; 7. Planorbis 
campanulaliis (Planorbiidae) ; 8. Valvnta tricnnruiln {Valvntidac); 9. Lynnuim 
haldemani (Lymmwidxie); 10. Viviimroua inl.eriextu,.s {Viviparidae); II. Plarinr- 
hisanlrofius {PUinorbiidne); 12. Lyinnaea stagnnlU {Lymnaeidae); 13. AncyduH 
rivulnris {Ancyclidae); 14. Sornatogyrms subglobotmn {Amnicolidac) ; IT). Jiy- 
Ihinia terUaculaia {Amnicolidac) Great Lakes; 10. Planorbis opercularis {Pkmor- 
biidae); 17. Lymnaea abrussa {Lymnaeidae); 18. Lymnaea palustris {Lymnaci- 
iae); 10. Planorbis hirsulus {Planorhiidae); 20. Physa gyrina {Physidae); 
21. Planorbis parvus {/'Umorbiidae); 22. Lymnaea columnella {Lymnaeidae); 
23. Aplexa hypnorum {Physidae). Courtesy Dr. Stanley T. Brooks, Carnegre 
Museum. 
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pearl oysters. Imitation pearls of a realistic nature are made from 
fish scales. 

There are many species of fresh-water mussels. These are in- 
cluded in three common families in the northeastern and middle 
Atlantic states. The family Unionidtie is by far the most abundant 
and widely distributed. In it there are four common genera: U nio, 
Anodonta, LampsiliSy and Alasmidonta. Other more localized 
genera arc Obovaria, Eurycinia, Truncillaj and Quadvula, 

The family Unionidde is characterized by having equivalve 
shells with a thick, pearly layer and a dark-colored periostracum. 
The umbo is located near the anterior end of the body, and the 
ligament is external and prominent. Hinged teeth are present; 
but they are not always prominent, and in some species they are 
apparently absent. The foot is large, and the shell is somewhat 
variable in shape, according to species. In Unio, the thick, oval 
shell is elongated or rounded in front and pointed behind. Teeth 
are present and nrominent. In LampsiliSy teeth are also present ; 
but the ovate shell has distinctly visible radiating rays on the 
outside. In Anodonta teeth arc absent, and the shell is thiii. In 
this genus the umbones arc inflated or swollen and conspicuous. 
In Alasmidonta y the shell is elliptical and inflated. In this genus 
the umbones are prominent, and the interior of the shell has a 
bluish color. 

Margaritanidae. Shell largo, elongated, with imperfect teeth, 
and usually black in color. The umbo is not prominent, and the 
dorso-ventral thickness is less than in the Unionidac. The family 
is distinctly nortluTn, while our native s|)ecies are eastern. The 
family does not occur further west than western Ohio where it is 
rarely found. The common species, Margaritana margnritiferay 
is found in larger creeks and rivers. 

In the lak(\s and ponds there are numerous species of smaller 
mussels which never attain a large size. They are called finger- 
nail clams because of their size and shape. The commonest species 
belong to the family Sphavriidac. They may be found among 
the water plants or in the bottom material. The common genera 
are Sphacrium and Pisidium, Some common mussels are shown 
in Plate VI. 

Snails and slugs (Gastropoda), The snails belong to the class 
Gastropoda, w'hich means stomach-footed and is applied because 
these animals seem to progress on their stomachs. The snails are 
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univalvular, and they lack the bilateral symmetry characterizing 
the mussels. The water snails are widely distributed and abundant 
in ditches, swamps, ponds, lakes, creeks, and rivers. Unlike the 
mussels, the snail has a distinct head which boars eyes and t(ai- 
tacles. The eyes are located at the base of the tentacles. Most of 
the water snails have only two tentacles which distinguish them 
from the land snails which have four. In the snails, the shell is 
usually coiled; and it also exhibits lines of growth. The coil may 
be long, spiraled, and pointed; or it may be short and blunt. The 
shell may coil t'^ the left or right along an axis known as the col- 
umella, and snail shells are often referred to as right-handed 
or left-handed. In the limpets {Ancylidac) the shell is a 
simple, uncoiled, tent-shaped structure on the back of the 
animal. Snails move along on a flat, fleshy, muscular disc called 
the foot. 

In the upper part of the head is the mouth which contains chi- 
tinous jaws; and in the lower part of the mouth there is a muscular 
ribbon called the lingual ribbon or radula, which is covered with 
minute, transv^erse tc^eth, giving it a rasp-like or file-like appear- 
ance. As a snail crawls about on the sides of an aquarium, feeding 
upon the algae which grow there, it leaves a trail which displays 
small, transverse waves. These are produ(*ed by the teeth on the 
radula which scrape the plants from the substratum. 

There are two main groups of aquatic snails, one of which 
breathes by means of gills (Streptomura) and the other of which 
breathes free air through the lungs (Piilmofiata), 

In th(! pulnionat(? snails when the body is extended, a breathing 
aperture or pneumostome can be s('en on the side back of tlu^ head. 
These snails come to the surface for air, and they extemd the pneu- 
mostome above th(? surface film of the water to inhale. 

In the gill-bearing snails, the foot bears a plate-like disc called 
the operculum which closes the opening of the shell when the body 
is withdrawn. All snails secrete a mucus over which they travel. 

Most aquatics snails lay eggs. These are deposited in kidney- 
shaped masses of clear, transparent jelly. The eggs at first api)ear 
as milky dots distributed throughout the j(dly. The masses are 
seldom more than two centimeters long in the common speci(\s, 
although in the Ampullariidae of southern waters the egg masses 
are quite large. The egg. masses are attached to plants, sticks, or 
stones. Floating boards in still pools may have hundreds of egg 




Plate VI. Common lr('sli-\viit(»r mussols. I., ! A. Lanip^ilis lutcnln: 2., 2A. 
Quadntla vrrrucnsn: 3., 3.\. QuadruUi sp.: 4., 4A. Lamp.vlf.'^ ovnta: 'y\. 

Lnmpsilis nrbicula: (i., (iA. Lampsilis fascinla: 7., 7A. Obovaria aubrotiuida, 
Aftor Ortnninn, Mem. Carnegie Mas. 
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masses on the undersides in the spring. Water snails placed in an 
aquarium deposit their eggs on the sides where their development 
can be watched from day to day through a magnifying glass. One 
family of water snails, however, the Vimparidae, is viviparous 
and brings forth living young. The shells of a number of specaes 
representing these common families, Lymnaeidaej Physidae, 
Plaiiorhiidae^ Valvaiidae, Viviparidae, Pleuroceridae, Amnic lidae, 
and AncyliddCj are shown in Plate V. 

The limpets {Ancylidae) are flattened, cone-shaped snails with 
a broad, oval loot. Their shells lack the coil which other snails 
have. They are found attached to smooth rocks in streams and 
ponds. All of the aquatic snails are herbivorous, feeding upon 
algae and other plants. The families are differentiated upon the 
bases of the teeth on the radula; the nature of the coil, spire, suture, 
opening, and lip of the shell; and the presence or absence of an 
operculum and the character of the operculum when present. 

The Physidae, Planorhiidae, Lymnaeidae, and Ancylidae have 
no operculum; but in the Valvaiidae and Viviparidae an operculum 
is present. In the Planorbiidae the shell is coiled horizontally; 
and it is therefore somewhat flattened on its sides. In the Phyddae 
the shell coils to the left, and in the Lymnaeidae it coils to the 
right. There are nine families of water snails. A brief summary of 
family characters will help in their ready identification. 

(1) Lymnaeidae. Pulmonate snails with a thin shell. Shell 
higher than wide and compo.sed of from four to seven whorls, 
usually with an acute spire. The aperture is large, often flaring, 
with a simple, acute lip. Color from yellowish-green to black. 
The coil is to the right. Common in ponds and streams. 

(2) Phyddae. Pulmonate snails with thin shell and an acute 
spire. The shell is composed of four to eight whorls. The body 
whorls large and higher than spire. The whorls in the spire are 
small. The aperture is oval and large with an acute lip. Common 
in ponds, ditches, lakes, and streams. 

(3) Planorbiidae. In these pulmonate snails the shell is coiled 
horizontally, and it is almost discoidal and flattened on the sides 
due to the greatly depressed spire, which may even be sunken in 
some species. The lip is variable, and the aperture is rounded and 
large. Common in lakes, ponds, and streams. 

(4) Ancylidae. Pulmonate snails with thin, slightly elongated, 
tent-shaped or conical shell. Shell not coiled or spiraled, and the 
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apex is not in the center of the (elevation. Common in some 
sections in brooks and ponds, usually attached to smooth 
stones. 

(5) Amnicolidae. Operculate, gill-bearing snails with small, 
thin, smooth shc'lls which are usually elongated and conical. Si)ire 
short and pointed. Body whorl much higher than spire. p]astern 
genera Bythinia, Stomatogyrus, and Paludestrina. The genus 
Arnnicola is more common in the central states. 

(6) V iviparidae (Paludinidae) . OpcTculate, viviparous, gill- 
breathing w'ater snails with conical or globose shell having round(?d 
whorls. The aperture is large, simple, rouiuh'd, or ovat(\ The* 
operculum is not sjMraled; and the shell is rather solid. Found in 
lakes and rivers. 

(7) Valvatidae. Operculate snails with a small, greenish, conical, 
and d('i)ressed, almost discoidal, shell. Umbilicus oj)en. Opercu- 
lum circular and spiraled. Lakes and streams. 

(8) Pleuroceri'^np. Operculate snails with much elongated 
shells. In these the spire is very high. The shell is much longer or 
high(*r than wide, \vith numerous whorls. Operculum spiraled. 
Aperture rounded or ovate, channeled, or angulate in front. Size 
from 20 to 30 mm. TIk' genus Plcurocera is common in rivers 
toward the South. Gomobasis is al)undant in the Gn^at Lakes. 

(9) AfnpuUanidae, These are the largest of American water 
snails. Mostly southern and tropical. Operculate snails with 
medium shell. Shell usually with four whorls. Spiro low. Body 
whorl and aperture very large. Color yellowish-green with incon- 
spicuous, dark, n'volving bands. Found in rivers and lakes from 
Georgia southward. 

The land snails. Most of the land snails have two pairs of 
retractile tentacles. Posterior tentacles are the larger, and the 
eyes are borne on their tips. The respiratory opening or pneumo- 
stome is located on the right side of the body back of the head. 

There ar(» 13 families of terrestrial snails in the eastern section 
of the United States. Many of these are very minute species that 
live among the fallen leaves and debris on the ground where 
they are difficult to see and to find. Many of ihem are also 
difficult to identify in the field because of their size. As a rule, 
these small species escape the observation of most people; and 
only those who are sufficiently interested in the land snails of a 
region and who might choose the problem of recording the local 
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species would be likely to pay much attention to them.. In field 
studies, however, the student is certain to encounter some land 
snails which are fairly large and conspicuous. 

Most of the land snails lay eggs which are deposited in dead 
logs, in the ground, or under stones and logs. While some species 
are carnivorous and feed upon othcir animals, the majority of 
them are herbivorous and live upon decaying wood or upon green 
plants. 

A few native species have an op(^rculum; and in i)eriods of 
drouth the body is withdrawn into the shell, and the aperture' is 
closed by the operculum. In winter, the terrestrial snails hibernate 
in crevices in the ground, in hollow logs, under tlie bark of trees 
and recumbent logs, or under stones. Quite a number of them are 
capable of burrowing into soft earth. Snails have salivary glands, 
and th('y secrete a mucus on the surface oyer wliicli they move. 
In the species which do not have an opc'rculum, the aperture of 
the shell is covered during aestivation and hibernation with a 
thin film of socrc'ted material which becomes hardeiu'd. 

The land snails should be collected and identifif'd as far as 
families. Tlu' most common and consi)icuous species such as thos() 
of Polygyra can easily be dt'termined l)y using the reh'rences 
suggested. The family TcstaceUidae is not an Arnt'rican family, 
but it is found so often iii greenhouses and in landscaped yards, 
often in the ground, that it seemed best to iiu'ludo it hc're. ''Fho 
land snails are indicatt'd.by the folhwing families; 

(1) Pupillidac. Thc*se are small, often minutti snails with cylin- 
drical or conical blunt rnultispiral shells. Th(' apc'rtun^ of tlu^ sh(‘ll 
is very small, and tlie body whorl is not ov('r half as high as the 
entire slu'll. They are found under decaying w-ood and leavc's in 
moist places. 

(2) Cochlicopidae. In these the shell is elongate, y(‘llownsh in 
color, slender, and conical. The aperture is round(‘d and without 
teeth. They are about 6 mm. high and have six w’horls. The body 
whorl is more than half the total height. Th(^y are found under 
debris on the ground. 

(3) V alloniidae. These? are minute snails wdth low, depn'ssed 
spiral. They are usually less than 2 mm. in height. The apc'rture 
is without teeth. One native speci(?s, Vallonia pulchclla, measures 
1.3 mm. in height and 2-,6 mm. in diameter. It is light-colored, 
transparent, and smooth. Another native specaes, V, coatafa, i? 
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gray with regular transverse ribs. It is 1.3 mm. high, and its 
cliamet(*r is 2.7 rnm. 

(4) Smcincidac. In this family the shell is thin with a small 
spire and with a larger ap(Ttiir(\ The body whorl is mueh higher 
than the spire. As a rule the shell doc‘s not cover the entire body 
when it is withdrawn. 

(5) Ildicidae, In th(\se the shell has a low, conical spire con- 
sisting of from five to s(‘ven whorls. Some specie's have teeth in 
th(' aperture, and most of them have a wide lip. The* teeth are 
important in spc'cifying the m(»mb(*rs of the genus Polygyra. The 
ape'rturc is closed by an operculum wIk'u the body is withdrawn. 
Th(i H('licids an^ among our most common t('rr(‘strial snails. The 
J^^uropean edibles snail, Helix pomatiaj bc'longs to this family. 

(G) Endodoniidae. The shell in theses is conical or depressed, 
ribbt'd, and striated with brown, 'fhe lip is thin and sharp. These 
snails have p(dal groov(*s. Tlu^y are common under logs and 
l('aves. 

(7) Circinariidae. Th(^ mc'mbers of this family are mostly 
confiiK'd to the Pacific slojM'; but there is one UK'dium-sized spe(*ies, 
Circinaria concava, found in the* eastern state's. It measures 8 mm. 
in height and 17 mm. in diauK'ter. This species is carnivorous, 
feeding upon larvae, worms, and other snails. 

(8) Zoniiidae. llu'se are usually small snails found under 
leaves and rotting logs in moist jdaees. The shell is thin and 
delicate, and the aperture has a sharp lip. The various species are 
frequently smooth and shining. Size from one-half mm. to three 
mm. in lieight. 

(9) Strohilojmdac. In these the shell is heliciform and composed 
of fiv(' or six striated whorls, '’rhe aperture has prominei.t lamel- 
liform tec'th, and there is no o])erculuni ])resent. Most of them 
are h'ss than 2 mm. high. Found on the ground among dead leaves. 

(10) Carychiidae, These an* t(*rrestrial snails in which the shell 
is higlu'r than widi* and averaging about 2 mm. in height. The 
slu'll is thin and elongatc'd, resembling an insect pupa. There 
are usually one or two t('eth present in the aperture. No operculum 
is pn'sent. The family is largely European, although there are a 
f('w native* sjx'cies. Th(*y are found on the ground among leaves 
and debris. 

(11) IJelidnidac. Only one species of this family occurs in our 
fauna, and it is more common in the southern states. The shell 
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is conical or depressed and heliciform. An oval and sometimes 
triangular operculum is present. The native species, Hdicinia 
orbicula^ is yellowish with spots frequently present on the shell, 
which is composed of five whorls. It is 6 mm. high and 9 mm. in 
diameter. 

(12) Haplotrematidae. There is only one species of this family 
in our fauna. The shell is higher than wide and completely covers 
the body of the animal. No operculum is present. The lip of the 
aperture is thickened, and no teeth are present. The shell is 
whitish. Hapl >trema concava. 

(13) TestdceUidae. A family which comprises mostly exotic 
species, although there are several species in southern Unit('d 
States. One exotic species, Testacella halictoidm^ is frecpiontly 
found in greenhouses and in the ground where shrul)l)ery has 
been planted and taken care of. In this family tlu^ shell is variable'. 
The body is long and slug-like; and the radula is equipf)ed with 
thorn-like teeth. In most species the sIk'U is rudimentary and 
ear-shaped, although in the southern genus Euglandinay the slu'll 
is long, slender, and conical in shape; and it has six to eight whorls. 
In the imported greenhouse sf)ecies the shell is about 4J- mm. 
broad and about 7 mm. high; but the body is five tiiiK's as long 
as the shell. These snails feed upon other snails, insect larvae, 
and worms. 

(14) BuUmulidae, This is a southern family which has a thin, 
elongated, conical shell .with a high spire and composed of six or 
seven whorls. The body whorl is longer than the spire. The aper- 
ture is elongated and without teeth. Size 1.5 cm. to almost 2 cm. 
in length. A number of native species of land snails representing 
the various families is shown in Plate IV. 

The slugs. The slugs are terrestrial mollusks with an elongated 
body that tapers posteriorly. None of them has a shell that covc'rs 
the entire body as in the snails; but a rudimentary shell in the 
form of a thin, calcareous plate is present in the mantle of most 
species. The mantle seldom extends as far as the middle of the 
body, and in some species it is quite small. In the common garden 
slug, PhilomicuSy however, the mantle is large, covering almost 
the whole body, ^ugs inhabit moist places on the ground, and 
they are frequently found in decaying wood, on the bark of trees, 
and on green plants. Shigs deposit their eggs in the soil, under 
stones, or in decaying wood. All of them are nocturnal, and they 
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can be found during the day by turning over stones and logs, also 
in crevices of bark. When disturbed or placed in alcohol or water, 
they discharge a copious supply of slimy mucus. There are three 
principal families of* slugs in the United States. 

The Limacidae include the large gray Limax maximuSj which 
has rows and stripes of feeble black on the dorsal surface of the 
body. The underside is dirty white. The body is' covered with 
coarse, elongated tubercles. The mantle covers a small section of 
the back behind the head. It is about 16 cm. in length and is the 
largest of our native species. It was originally introduced from 
Europe. 

Another member of this family is the small black Agriolimax 
{Agredis) campestriSj which is common under darni) leaves and 
on green plants. It is sometimes very destructive to growing 
lettuce. It is about 2.5 cm. in length. 

In tlie family Arionidaej the yellowish-gray or l)lack slug, Arion 
hortensisj measuring about 5 cm., is the only eastern representa- 
tive. 

The family Philomycidae is distinguished from the others by the 
fact that there is no rudiment of a shell, and the mantle covers 
the entire back. The body is considerably elongated and tapers 
gradually toward the posterior end. There is no caudal mucous 
pore in this group. The respiratory pore is on the right side back 
of the head. The common species, Philomicus carolinensiSj is 
whitish with dark spots and blotches. It is found in trees, under 
bark, and occasionally in rotten wood. The species is pai i al to 
the linden tree, and it is about 7 cm. in length. 

Some marine mollusks are described in the chapter or animals 
of the ocean beach. The following key will be useful in the quick 
identification of the families of land snails. 


KEY TO THE FAMILIES OF LAND SNAILS OF 
NORTHEASTERN NORTH AMERICA > 

I. Visible shell present 

A. Aperture closed by an operculum when the Family Helicinidae 

body is withdrawn into the shell Genus Hendersonia 

Species occulta * 

AA. Aperture not closed by an operculum 

* This key was especially prepared for this book by Dr. Betty Watt Brooks and 
Drl Stanley T. Brooks of the Carnegie Museum. 
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B. Shell completely covering the body of the animal 

C. Shell wider or as wide as high 

D. Lip of aperture thickened, reflected, or flared; animal 
without pedal grooves 

E. Less than two millimeters in altitude 

F. With prominent lamelliforrn teeth within the 
aperture; running spirally and parallel to the 

body whorl Family Strohilopsidae 

FF. Without teeth Family Valloniidne 

EE. More than two millimeters in altitude 

F. Strongly reflected lip; may have from one to four 
denticles in aperture or toothless 

Family IJelicidne 

FF. Never strongly nv f Family Haplotmmdidae 
fleeted; a whitish- \ Genus Ilaplutrcma 
gray shell without Si)ecics conami * 
teeth 

DD. Lip of aperture thin ; animal with pedal grooves 

E. Thin, shining, and polished YarnWy Zointidae 

EE. Not so thin, heavily ribbed to slightly striate; with 
dark color. May have solid color, bands, or flam- 
mules of reddish-brown. . .Family Endodnntidno 
CC. Shell higher than wide 

D, Over two millimeters in altitude and rarely over s(!Voii 
E. lilody wliorl over one-half as high as entire altitude 

Family Cochlicopidne 
EE. Body whorl not over one-half as high as (Mitirc 

altitude Family Pupillidne 

DD. Not over two millimeters in altitude 

lamily Carj/rhudne 

BB. Shell not covering entire body when animal is retracted 

C. Shell thin, aperture very largo, si)iro small, l,ody whorl much 
longer and higher than spire. Semi-aciuatic 

Family Svccineidne 

CC. Shell rudimentary, ear-shaped, locatt^d on the posterior ex- 
tremity of the body Family Tcdacellidne 

II. Shell lacking or internal; the dugs 

A. Mantle reduced to fleshy pad on the back (anteriad) 

B. Tail keeled Family JAninddae 

BB. Tail not keeled; the mantle farther forward on the body 

Family Arinmdae 

AA. Mantle covering the entire body to the edge of the foot 

Family PliiJomj/cidae 

* Only one genua and species represeiiced in northeastern North America. 
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CHAPTER XII 


THE ARTHROPODS (MYRIAPODS, SPIDERS, 
CRUSTACEA, AND INSECTS): HOW TO 
DISTINGUISH AMONG THEM 

The Arthropods, with four common classes including insects 
{Insecta); spiders, mites, ticks, scorpions (Arachnida) ; millipedes, 
centipedes (Alyriapoda); ^ and crayfishes, lobsters, cniljs, bjir- 
nacles, and shrimps {Crustacea)^ constitute the largest group of 
animals on earth. 

All of them are bilaterally symmetrical, mid their liodies are 
composed of a varying number of rings or sc'gnients, many of which 

bear paired appendages. Their bodies are 
cov(^red with an external skeU'toii of a com- 
plex, insoluble sulxstance known as chitin. 
This 8k(‘leton, which is sc'creted by cells in 
the body wall, is shed from time to time 
during the growth iieriod, th(‘ proc(‘ss be- 
ing known as molting or eedyais. 8inc(' the 
chitinous skeleton is a lih'less, infl('xil)l(' 
substance, the shedding of it is lu'cessary 
to allow increase in sizi*. A number of 
arthropods, notalily the crustaceans and 
the spiders, are capabl(^ of regi^nerating lost 
structures, such as legs and antennae, during the growth period 
and up to the tinu? of the final molt. 

The phylum includes an assortimait of diverse individuals which 
exhibit marked difference's in siz(', appearance, and structural 
modifications. However, there are pronounced similariti(*s within 
each class and fundamental differences among the various classf's, 
so that they may he readily distinguished and identifi<'d. 

Distinct and unmistakable characters are obvious, and tlu'se 
facilitate the field identification of class members. Among these 
characters arc: (1) the number of visible body segments, (2) the 

' The recent classification separates the centipedes and millipedes into two 
classes — Chilopoda and Diplopoda. 



Fig. 50. A millipede 
{Spirobolus). 
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number of body regions, (3) the number, kinds, and positions of 
the eyes, (4) th(i number of pairs of antennae, (5) the number, 
arrangement, and adaptive radiation of other appendages. 

In tlie higlKU* (Tustaeeans {Dccwpoda), th(^ luiad and thorax are 
fused together forming a ccphalothorax, to whicdi is attached the 
distinctly segmented abdomen. While the cephalothorax is a solid 
pi(‘ee, the head region is marked by a cervical groove. These 
regions are not pronounced or present in many of the lower crusta- 
ceans. 





In the Arachnida (although the mites and ticks have only one 
body region) , a cephalothorax ^ 

is also pr(\sent; but in these ^ 

(si)i(lers) the abdomen is not 
s('gmented in any of our na- 
tive species. In sjaders the 
abdomen is considcral)ly 
larger than the c'‘j/i. ;Ijthorax, B. 

as a rule. In the Myriapods 
th(‘re is a great number of 
distinct body segments 
(25-173), but the thoracic re- C 

Sionis not pronoiuicc'd. 5 , Millipclos. k. Polurmc^ h.- 

In the insects (ex(*epting qurm {Polyxenulac); B. newonnsiH 


i j;?- : 1: i, y i v V •; 


Fio. 51. MiIIipo(los. A. Pohjxrncs la- 
gurus {Poly xeni (lac); B. Julus netnorensis 


the most prifliitive ones), {Juhdae); C. Polydesnnis vollans^ {Poly- 
,1 T , , , . desmidae). From Ilogiior, College Zoology. 

three distinct body regions - 

head, thorax, and abdomen — are vi.<ible. The abdomen is dis- 
tinctly segmented. 

In the Decapod crustaceans there is a single pair of compound 
eyes. Many Myriajiods are blind, but a number of thei.i have 
simple eyes which may occur as a singh' iiair or they may be 
aggregated in clust(‘rs. The spidca’s, as a rule, have eight simple 
eyes or oc(*lli. TIkni* are arranged in a d('finite pattern on the 
antc'rior margin of th(' cephalothorax. The ])osition of th('.s(' oc(*lli 
and their arrangiMiiiait in two or three rows will be according to 
syiecies and habits, ddie pattern arrangement of the ocelli is of 
great value in identifying individuals. 

’Although sonu* insects, such as termites and cave-inhabiting 
forms, ar(' blind, most insects have i*ne pair of compound eyes and 
usually threi' sim])Ie eyes. The arrangi'ment of ocelli and the 
position of the comjiound eyes are quite variable in different species. 
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In the beetles the ocelli are usually absent. In some insects such 
as May flies and whirligigs the compound eyes may be wholly or 
almost completely divided, so that there may appear to be two 
pairs. 

The crayfish has two pairs of antennal structures attached to the 
head. One pair, the antennae, is quite long; and the other pair, 
w'hich is smaller, is situated Ixitween the eyes. These are the anten- 
nuUs. Both are doubled or biramous. The myriapods and ins(»cts 
have but a single pair of antennae which, particularly among the 
insects, are extremely variable in length and form. In the? Arach- 
nida the antennae are lacking. 

While vast modifications occur in the appendages of arthropods, 
they are reliable means of placing members in their pro])(*r classes. 
Appendages include mouth parts, antennae, eyes, wings, swim- 
merets, genitalia, cerei, caudal filaments, and legs. For purposes of 
classification it is sufiicient to consider only the legs. 

In the crayfish all of the twenty body segments bear pairs of 
appendages, which are biramous or forked. In the crustaceans, 
as a class, these appendages are modified to serve as sense organs, 
seizing organs, gills, swimrnerets, or legs. In the crayfish there are 
five pairs of legs (Decapoda) attached to the cephalothorax. As 
explained elsewhere, the first pair is not used for ambulatory 
purposes. In the myriapods the number of h'gs is gn^at, almost 
every segment bearing at least one pair of legs. In the arachnids 
there are four pairs of legs attached to the thoracic region of the 
cephalothorax. The abdomen bears no leg-like app(*n(lag('s. 

In insects three pairs of legs are present {Ilexapoda)^ and these 
are attached to the middle body region or thorax. 

Only the insects have wings. Although there are a numb('r of 
wingless kinds, the great majority of insects j^ossess one or two 
pairs of wings which are also attached to the thorax. 

As will be seen later, there is a remarkable adaptive radiation in 
the appendages of arthropods. Legs may be used for walking, 
crawling, running, jumping, swimming, digging, and seizing. 
Wings are modified for flying, soaring, balancing, protective 
coverings, and music-making. Leg-like appendages, all of which 
are homologous to true legs, are modified for swimming, breathing, 
copulatory processes, and poison glands. Mouth parts are adapted 
chiefly to biting, chewing, and sucking, with all sorts of variations 
of these processes. Antennae are also variable in size, form, in- 
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sertion, and function, being adapted to hearing, smelling, feeling, 
breathing, communicating, and even to holding the opposite sex. 
Many of these adaptations are described in the discussions of the 
various groujis. 


The Centipedes and Millipedes 

The “thousand-I(>gged worms,” as the centipedes and millipedes 
are called, are distantly related to the spiders, insects, and cray- 
fishes. They may be distinguished from all other arthropods, 
however, by their numerous body segments and legs. While 
the name millipedes (L. ^‘1000 
feet”) would indicate that these 
creatures have more leg-bearing 
segments than the centipedes (L. 

“100 fe('t”), there are some cen- 
tipedes which have a greater num- 
ber of body segmeiiLs than some 
millipedes. In our common native 
forms, however, the centipedes as 
a rule have fewer body segments 
and, tlK'refore, a lesser number of 
legs than the millipedes. All of 
the myriapods breathe by means 
of tracheal systems similar to 
those in insects. 

The centipedes (subclass Chi- 
lopoda) (Fig. 52) are usually swift- 
moving animals, while the 
millipedes move rather .slowly, as 

a rule. The centipedes are entirely dridne); C. Scrutigem forceps {Scru- 
carnivorous, feeding upon snails, tigeridne). From Hegner, Inverte- 
worms, insect larvae, and other 

small animals, which are killed by a pair of poison claws or maxilli- 
peds which arc located upon the segment just back of the head. 
The poison claws are, in reality, modified legs. Each body seg- 
ment, excepting the head, the one bearing the claws, and the last 
two, bears a pair of legs. Among certain species, however, the 
young are not born with a full number of legs. 

The centipedes have one pair of rather long antennae, and in 
some species the eyes are wanting. When eyes are present, they 






Fin. 52. Centipodes. A. Geoph- 
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are simple eyes or ocelli, similar in appearance to the ocelli of in- 
sects; and they range in number from one to many. The ocelli 
are arranged in groups or clusters similar to the aggregate eyes of 
certain primitive insects. 

Our common centipedes may bo readily distinguished from the 
millipedes by their fewer body segments; by their dorso- vent rally 
flattened bodies; and by their long antennae. Each segment bears a 
single pair of legs which are attached to the ventral side of tlie 
segment toward the outer margin and away from the mid-ventral line. 

There are many more or less common speci(\s of centipedes, 
representing four families, in the United States. While centipedes 
are generally feared because they are thought to be deadly poison- 
ous, none of our common species is dangerous at all; and the 
common fear of them is unjustified. The larger, tropical spc'cies 
are the only ones that can inject sufficient poison to be of serious 
consequence. 

Perhaps the most commonly found species, tiu' skein centipede 
(SciUigera forceps — fam. Scutigeridae) is an inhabitant of housc'- 
holds where it lurks in cellars and dark closc^ts. It is a rather 
grotesque-looking, grayish, veiy long-legged, and swift-moving 
creature which usually creates quite a seem* wlaai it is discoven'd 
by the timid housewife. The body, which is composed of fiftec'ii 
segments, hangs low; and the [intennac) are (|uite long. Tl)(' h\st 
pair of legs is much longer than the oth(*rs, and th(*y an* api)an‘n( ly 
used as caudal feelers. The skein centip(*de is (juitc* harmlc*ss and is 
really an addition to the household since it feeds upon insects sucii 
as bedbugs and roaches, pill bugs, and other vermin which iidest 
buildings. 

Most of the centipedes inhabit woodland areas wh(*re tiny may 
be found under stones and under bark and e.sp(*cially in dearl, 
recumbent logs. 

The family Geophilidae, is represented by six or se\'en s|)(*ci(*s in 
middle and eastern United Stat(;s. Of th(*se, Geophilus longicorniSy 
a long, slender, blind species with more tlian 30 body s(*gments and 
with 14 jointed antennae, and Geophilus rube ns are the? most com- 
mon. The latter has a wide body and a wider lu'ad. It is about 
45 mm. long with fifty or more pairs of legs, th(» last pair only 
slightly longer than the others. The color is usually orang(‘ in tlu*, 
anterior region and somewhat darker over tlu* rest of th(^ body. 

The family Lithobiidac is cliaracterized by 15 leg-bearing s(;g- 
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merits, 9 of which are large and 6 small. The eyes are usually 
composed of many ocelli. Two common specaes, Lithohius forficatus 
and L. multidentatus, arc common. The former is yellowish or 
brownish with antennae half as long as the body and composed of 
from 33 to 43 scgmc^nts. L. mnltulcntatiis is about 25 mm. long with 
shorter antennae. The antennae have from 19 to 23 joints, and the 
ocelli number from 27 to 35. 

Th(^ most common woodland species belongs to th(^ family 
Scolopcndridae to which belong th(‘ most poisonous centipc^des. In 
woodland areas, undcT bark on dead logs, may b(^ found a reddish- 
brown ccmt ipede (Scolopcrypios sexfiptnosa) , which lias from 21 to 23 
sc'gnKMits. The antennae have from 17 to 31 segments. 

Whihi soiiKi members of this family are blind, the commonest 
sp('ci('s (Scolopnidra morfiitans) has eyes and 21 pairs of legs. All 
of the cf'iitipedes lay eggs in the ground or in soft, dead wood. The 
gtmital organs ar<^ locatcnl at th(^ posterior end of the body. 

The millipedes (sul)class Diplopoda) (Fig. 51) have from 25 to 
more than 100 Ixidy segments, and the body form is usually sub- 
cylindrical which contrasts it with the flattened l)odi(^s of centi- 
pc'des. Each leg-lx^aring segment bears two pairs of legs which are 
attached close to the mid-ventral line. When th(' common millipede 
is disturbed, it rolls itself into a coil wIkto its hard, chitinoiis cover- 
ing prot('cts it from most enemies. 

The antennae are short and somewhat club-shaped. Sim])le 
ey('s or clusters of ocelli are prescait according to species. The 
millip(vl(vs (»at decaying wood, and a few of them bxnl upon grov’ing 
plants. Tlu* genital organs are located at tlu' base of the legs on the 
se<*ond and third body .segments. Eggs are laid in rich, damn earth. 
The milli|)e(les breathe by mcwis of a tracheal system, and the 
spiracles are unevenly distributed on the body. All of the millip('des 
are harmh'.^s, although many of them po.s.sess stink glands which dis- 
charges an ofTensive gas which sometimes contains hydrocyanic gas. 

The diplopods are' repre.semtc'd in the United States by six fam- 
ilie\s which contain more than 100 specie's. 

The ce)mmoiu\st millipe'des belong to the family Julidac, the 
me'mbers of which have cylinelrical bodies compo.'^e'd of fre)m 30 to 
70 segments. Juhis virgatus is a e'ommon species everywhe're in 
meaele)ws anei garde'iis. It is a short specie's, yelle)wish brown in 
e*olor with ame'dian anel two late'ral bands. Spiroboluti marginatufi 
is ai.so very cennmon, and it is mue*h more re'adily notice'd because 
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of its size and color. The body measures about ten centimeters. 
It is reddish-brown with a reddish-yellow ring on each segment. 
It has almost 100 pairs of legs. 

The Polydesmidae are broad and somewhat flattened millipedes 
composed of 19 or 20 segments. The dorsal plate of each segment 
is somewhat extended so as to form a conspicuous wing. One 
genus is more or less common in the eastern and central states. 
Polydesmus has two or three transverse rows of tubercles on each 
segment, and the stink pores arc surrounded by elongated swellings. 
The color is usually reddish or brownish. Polydesmus serratus is 
the commonest species. 

The family Polyxenidae have 11 segments. Their bodies are soft, 
small, short, and lack the stink glands. On the side of each segment 
there is a bunch of conspicuous hairs. One species, Polyxenus 
fasciatus, is pale brown with white feet. It is about 2.5 mm. long. 

The family Craspedosomidae resemble the JuUdae, but tliey lack 
stink glands. One species, Campodes flavicomis, is about 15 min. 
long and is composed of 30 segments. It has long, slender antennae 
and prominent, triangular eyes. The color is yellowish brown. 

The family Lysiopetalidae are also like the Julidae, but differ in 
that only the first pair of logs on the seventh segment is copulatory. 
One species, Lysiopctalum lactarium, has a wide distribution. Its 
body is composed of about 60 segmt'iits, and it has 115 pairs of legs. 
The color is yellowish brown with darker bands. 

The family Polyzoniidae is mostly restricted to the central states. 
The long, wide, slightly flattened body consists of from 30 to 
100 segments. The commonest species is Polyzonium rosalbum^ 
which has about 50 segments. It is reddish brown in color, pah'r 
along the posterior margins of the segments. The antennae*, wiiich 
are very dark, are close together; and stink glands are pres(‘nt. 

Under stones in moist w'oods are found minute (1.3 to 2.7 mm.) 
animals which may correctly be included in the myriapoda. One 
group, the Symphyla^ contains colorless, centipede-like animals 
composed of 14 segments and with 12 pairs of legs. The other 
group, the Pauropoda, have elongated, cylindrical bodies composed 
of 12 segments and 9 pairs of legs. The .segments are covered with 
dorsal plates. 

The most available keys to the Myriapods are found in Pratt^s 
Manual of the Common Invertebrate Animals, Other references are 
listed in the chapter bibliography. 
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CHAPTER XIII 


ARTHROPODS: THE SPIDERS AND THEIR RELA11VES 

The Class Arachnida includes the spiders, mites, ticks, harvc'st- 
men or daddy-long-legs, scorpions, and horseshoe crabs. The 
group is characterized by; (1) four pairs of legs, although the 
young of some have only throe pairs, and occasionally ('ven adults 
(certain ticks) have only two pairs — the latter are mostly pamsitic, 
which accounts for a modification of the usual number; (2) breath- 
ing effected by means of gills, tracheae, book lungs, or by 1)1o(k1 
gills; (3) eyes simple (except in Xiphofiura)^ usually eight in num- 
ber; (4) no antennae; (5) many forms with chelicera(' or ])oison 
claws (jaws). Of these the spiders are the most conspicuous. 

The Spidehs 

The universal fear of spiders is difficult to explain; and it has 
resulted in the dcivelopment of numerous superstitions about 
spiders, most of which are entirely fallacious. It is commonly 
supposed that the great majority of spiders are poisonous and 
that they are courageojus and aggressive en(»mies of man. How- 
e*/er, there is little evidence to show that spiders, as a whole, 
are dangerous; and there is considerable' evideaico to proven b('- 
yond doubt that they are really cowardly creatures. Th(‘ f('ar of 
spiders dates back to early tim(\s. In Italy tlu' bite of tlu' tarantula 
was supposed to cause a ‘‘mania” for which the only cun* was to 
dance until exhausted. The exercise caiisc'd i)rofuse p('rsi)iring 
which removed much of the jxnson. Certain forms of music w('i(' 
also regarded as helpful in the treatment of “tarantism,” as the 
effect of the bite was called. Many musical compositions, to which 
the name “tarantella” was attached, were w'ritten primarily to 
stimulate the dancing. The Italian tarantula is a lycosid spid('r 
and not a true tarantula. 

That spiders secrete a poison cannot be denied. Anyone watcdi- 
ing an insect that has been bitten has seen the deadly effects of the 
poison injected by the jaws of the spider. But the amount of 
poison necessary to kill an insect and the amount necessary to 
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traiise the death of a human being an* vastly difTorent (quan- 
tities. 


Most inv(\stigators insist that th(j av^(n*ag(i spid(‘r (‘annot r)ier(*e 
the flesh on the palm of the hand, and all of them testify to tlie 
apparent uiuvillingiu'ss of spiders to bite at all. fl'hose which ear 


and do bite do so only 
when captured, com- 
pressed or irritated, 
and the effects are 
rarely injurious. 

In many parts of the 
world, tarantulas 
{Aviculnriidae) are con- 
sidered deadly i)oison- 



ous, and there* is no 
doubt that somc^ of 
these spid('rs jn assess 
considerable virulence. 
Extracts made from th^ 
poison glands of the* 
tarantula and inj(M*t<'d 
into th(* bodi('s of spar- 



rows and inic(* cause 
almost im m('diat(* 
death. Few cas(*s of 


FfiJ. lX‘lails of II spi(l(M-. A. Ahiloincii; 
lA Foot; J). IVdt of the; \\»*b. From 

^^o^^m'r, ("itilruc Zoftloqff. 


human deaths n'sulling from tarantula biti's are en n*conl. ho- - 
ev(‘r, and in th(\si* thc'n* is some reason to believe that the real 
mortal cause* was sc'condary inlV'ction. There is souk* indic^ition 
too, that then* is a racial susceptibility to tarantula poison, and 
there is, of course, tlu* (luestion of individual s(‘nsit ivity. Just as 
one p('rs(m may eat strawl)(*rri(*s and find them lu'althful while* 
another p(*rs()n d(*velops the w(‘ll-known ‘L^trawb(*rry rash,*’ 
so may tluTo l)e a supersensitiveiu'ss to sj)ider poisons in some 
IK'ople. Tarantulas are mostly southern or troq^ical, tla* several 
Am(*rican sp(*ci('s in th(* Unit(*d Stati's b(*ing confiiu*d chiefly to 
the .Southw(\st and Far West. They are ratlier common in 
California. 


Tarantulas are freciiiently imported on bananas, but most of the 
hairy spid(*rs tliat are ordinarily seen are not tarantulas at all. 
The commoiu'st banana spidt'r is ])robably Hekropoda venatoria. 




Plate VII. Some common spiders. A. Epeira patagiata {Argiopidae); 
B. Epeira sclopetaria (Argiopidae); C. Epeira slrix (Argiopidae); D. Xgsticiis 
nervosus {Thominidae)) E. Dendryphantes aestivalis (Altidae); F. Philodromos 
vulgaris^ male (Thomisidae); G. Xysticus nervosus^ male (Thowisidae); H. Ac- 
rosorna spinea (Argiofndae) ; I. Tegenaria medicinalis {Agalenidiie ) ; J. Agalena 
naevia (Agalenidae); K. Phidippus ?7iultif(mnis {Attidae)^ After Emerton, Com- 
mon Spidersy courtesy Ginn and Co. 
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or both, along the mid-dorsal line of th(i abdomen. Th(‘re is usually 
an hour-glass marking distinctly visible on the underside of the 
abdomen. The male is much smaller, and in addition to the dorsal 
spots of refl or yellow, it has four pairs of yellow stripes along the 
sides of the abdomen. Tlie western form is somewhat similar and is 
(equally venomous. Alany deaths have recently been attributed to 
the western black widow s[)ider. 

The only other virulent spider of any importance is tin* jumping 
spider, Phidippus audnx (tripunctatus) (family A ttukui)^ which lives 
under sticks and stones on the ground. It is usually black with 
three whit(i spots on th(' upper side of the abdomen. The femak's 
are about a half inch in kaigth, and the male is, as usual, much 
smaller. This species is supposed to cause a ])ainful wound. 

As to th(* other spiders, there is little need for concern. Most of 
th(‘m are harmless and wary. In addition to the part spiders ..:ive 
l)layed in medical lit('rature, th('re are many literary and liistoiical 
treat i.ses which discu.ss th(*ir liabits. Robert Bruce is supposed to 
hav(' ('scapc'd his pursuers becau.se a spider wc^b that covmx'd the 
entrance to th(^ cave in which h(' w:is hiding was unbroken when his 
enemies wen^ st'arching for him. He is also suppo.sed to ha\'(' been 
stimulated to his final and succe.ssful atttnnpt to regain his power 
by watching a sl)ider^s persistent attempts to attach a corner of 
its web. 

On the whole, spiders are nanarkahlj’^ int('resting cn'atun's which 
exhil)it striking and interesting characters and habits. One is well 
rcward('d for his study of them. 

There avv many kinds of spiders. Each kind has its own .set of 
habits and itsown preferred habitat . Each also has its own maniK'r 
of making its wc'b. 
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Before discussing the various spider groups, let us consider the 
general characters by which spiders are distinguished from other 
animal groups (Fig. 53). Spiders have two main body regions, a 
cephalothorax or prosoma, and an abdomen or opisthosoma. As a 
rule, the abdomen is larger than the cephalothorax in females 
and in most males; but, unlike the other Arthropods, the abdo- 
men is unsegmented. There are eight legs, all attached to the 
thoracic region of the cephalothorax. The spiders of the world 
display a variable number of eyes, some of them lacking two, four, 
or six of the v ual number. However, most of our native spiders 
have eight simple eyes located on the fon^part of the ceplialothorax 



Fig. i!)4. A harvestman or daddy-long-legs (Phalangium opillo). From Hcgncr, 

College Zoology. 

and so distributed over its curved surface? that they are direct(?d 
in several ways so as to increase the scope of vision. Some native 
six-('yed s|)iders are mcmtioiK'd later on. The arrangement of tiie 
eyes, or eye pattern, is of value in det(?rmiiiing speci(\s, since? the 
pattern for each species is characteristic. The cephalothorax and 
abdomen are joined by a slender waist or pedicle which is hiilden 
in most spiders by the overhanging abdomen. In those spiders 
resembling ants, the pedicle is rather prominent. The abdomen is a 
more or less elongated, cylindrical .sac in which there is considerable 
diversity of form and color pattern. On the underside of the 
abdomen are the reproductive orifices. On the male, the small 
median opening of the sperm ducts or vasa deferentia is usually 
invisible. On the female, however, the opening of the oviducts is 
larger; and it is surj’ounded by a variable structure known as the 
epigynum. In its simplest form the epigynum is merely a trans- 
verse aperture; but it is generally an opercular plaqiK' which is 
rather prominent, and in which the spermathecal o])enings are 
discernible. The diversity of form in the (?i)igynum makes it an 
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invaluable structure in the determination of species. The epigynum 
is only present on mature females. The underside of the cephalo- 
thorax is called the sternum. 

On the abdomin, at some distance from its tip, are located the 
spinning organs, «r spinnerets, usually six in number. Immediately 
in front of the Spinnerets on some spiders (the cribellate spiders) 
there is a platel punctured by many small outlets. This is the 
cribellum, an adottkmal spinning organ. The cribellum is usually 
separated by a median, convex keel; and the number of perfora- 
tions which serve as i^inning tubes may total almost 10,000 in 
certain species. The /individual spinneret is a finger-like organ 
with a number of microscopic tubes at the end, through which the 
thread is drawn out. [The thread is composed of a great number of 
minute thn'ads whicA pass from the body through separate tubes 
and unite into one befor o thoyd ravtstime to dry. When not in use, 
the spinnerets are folded together that the smaller, inner pair 
are concealed. In iru:it of the spinnerets there is an opening of the 
tracheae or air tubes. On the anterior ventral end of the abdomen 
there is also a transverse skin fold at the ends of which are other 
openings of the res])iratory system. There are no antennae on 
spiders, but the cholicerae (ma^^bles orcehelae) arc prominent. 
Those are the weapons of dofenseanlkofTen^. The cholicerae are 
homologous to the second antennae oi crustal^eans ; and they are 
composed of two sc'gmcnts, the l^asal ^le being the tige or paturon. 
The distal segment is called the fang/unguis, (Vs^rochet. Through 
the hollow, hypo(lerini(*-neecile-liko langs, the Joison is inr'cted 
into th(' victims. The second pair of appendages is known the 
l)edipalpi. ''fliese an? leg-like structures which arsy rule, very 
prominent on mature males; and they arc used in couJship, while 
the coxae of the ix'dipalpi are used as crushing orgai^^. The food 
is cruslu'd just below tlie mouth. The pedipalpi are qjiite variable, 
and in many sjK'cicJS tiny arc greatly modified and cokired, esi)o- 
cially on males. 

Th(' l('gs, always eight in number, are seven-jointed, jonsisting 
of the articulating segment, the coxa, followed by the tii)chanter, 
femur, i)atella, tibia, mc'tatarsus, and tarsus. The ta^ us bears 
claws, the number of which is dependent upon the kind :)f spidca*. 
The legs an? also variable in length, and t he length modifii lations in 
dilT(*nMit species cause them to walk in different ways. Uj) to the 
filial molt, spiders are able to practice autotomy or self-mutilation, 




Plate VIII. Some common spiders. A. A tarantula, Chilobrachyti stridu- 
Ians (Aviculariidae); B. Latrodectus mactans {Theridiidae); C. Trithmia 
tricuspidata {Theridiidae); D. Epeira angulata (Argiopidne); E. Argiope 
aurelia {Argiopidae); Yi^ Thomisus sp. (Thomisidae); G. A this sp. (Attidae); 
H. Lycosa fabrilis (Lycosidae); I. Theridion tejndariorum (Thendiidae); 
J. SaUicus scenicus {Attidae). After Watburton from Hognor, Invertebrate 
Zoology. 
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and they can reg('nerat(* lost limbs. When a spider is caught by a 
leg, it can shed the leg automatically in order to escape; and, as 
has b(?en indi(;atcd, a new l(^g will be n'gemirated in j)lace of the 
lost one, if the spider is not mature. The body of the spider is 
usually quite hairy or sc'tiferous. The hairs may be protective or 
sensory. On the metatarsi of all cribellate spiders tluTc is a group 
of hairs which constitute a comb (calamistrum), which is used in 
combing the thn'ads from the cribellum. This is apparcMitly of 
value in manipulating the thread in welwnaking. On tli(‘ Theridi- 
idaa there is also ii tarsal comb which is sometimes used to fling 
the thread over a struggling victim which has })een caught in the 
web. The orb W('aver us(\s its hind leg in guiding the thread. TIk? 
claws on the tarsi are variable and valuable in classification. 

As in other Arthropods, th(^ body of the spider is covered with a 
lif(‘l(\ss, chemically complex, skeleton of chitin. The spider must 
shed this skin from tinu^ to time in order to allow for growth. All 
spiders lay eggr> wiiicii are encased in a cocoon. SometiiiK's the 
cocoon is carried about with the mother either on the tip of her 
alidomen, or underiu'ath the body, while in many species the cocoon 
is tucked away in some convc'iiient jdace. As described later, some 
s[)id(*rs make nursery webs in which the young are born. On hot, 
sunny days, ground-nesting species may be seen at the entrance of 
their Imrrows incubating their eggs by holding their cocoons at the 
opcMiings wlnu’e they are exposed to the sun. The mother turns the 
cocoon over and ov(*r so that all sides may g('t warm. Sjiiders do 
not undergo a metamorphosis; and upon hatching, the young 
sj)iders resemble their })arents. As a rule they usually cling to the 
body of the mother; and an old spider may sometimes be seen with 
hundreds of little ones scattered all over her body. Specie's are 
known in which the young spiders devour the parent. 

The web is a complex structure, as variable as spiders th(*m- 
sclves. It is composed of almost microscopic thread-like strands 
made from a liquid that exudes through tiic numerous tube's on the 
spinnerets. Upon coming into contact with the air, the liquid 
hardens into the strongest and mo.st delicate thread known. The 
thread can be manipulated and spun in the same manner as silk. 
It is much softer, stronger, and more delicate than silk, however. 
While it is still used for determining the foci of lenses on optical 
instruments and microscopes, it is too difficult to obtain in suffi- 
cient quantities for other commercial purposes. The uses of the 
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thread are many and diverse. Oru' of the most intc'n'sting of its 
uses is its adaptation for ac'rial transportation. The ‘‘hallooning 
spiders” are those which climb upon fence i)osts, or out to the 
end of a branch where th(*re is a curnait of air. Wlicai located, th(» 
spider turns its head toward the breeze and canits a droplet of 
liquid whi(?h is drawn into a thread by the current of air. When 
the thn'ad is sufficiently lonjj; and the wind resistance against it is 
greater than the weight of the spider, the (feature is lifted up and 
goes ballooning through the air, sometimes for hundreds of miles. 
Darwin reported the appearance of ballooning spiders on the deck 
of the Beagle j sixty miles from land. 

Sometimes the smaller species may run quickly up a st(Mn and 
rise immediately into the air as though they are winged. 1'he 
familiar strands of gossamer which cling to one\s face in summer 
and whicli may bo seen floating through the air on sunny days are 
really the discarded balloons of some little s]3iders which have 
felt the urg(' of the wand(Tlust; and, being unable to migrate over 
land because of the distance and dangers, they have tak(‘n to the 
air. These migrations may be observed in late summer and early 
fall. If one of these spidc'rs is placed on a stick and surrounded by 
water so that it cannot escape, its activity may be observed. At 
first it will run up and down the stick and inv(\stigate every possible 
means of escape. If the observer uses a fan and gently forces a 
draft of air on the stick, the spider will qui(*kly run to the top, 
poise there, and proceed immediately to spin a thread which will 
serve either as a balloon by wfiich it will be lifted into the air or 
the sticky thn'ad will l)ecome attached to a lu'arby object and 
serve as a bridge over w^hich the i)risoner may e.scape. 

Many spid(?rs such as the wnlf sjaders {Lycoddae) ^ which do not 
usually construct permaruait homes, use th(^ thr(‘ad for lining their 
nests and for making cocoons. The jum]jing s])i(lers (Salticidae or 
Aitidac) do not as a rule establish permanent webs. They migratci 
from place to i)lace, seeking a desirable spot for their predatory 
activities. They forage in sunny places. They are fn^quently scnai 
on the bark of trees, windows, and on unpainted boards where 
they remain inactivg until a fly or otlier food animal comes within 
range. When the unsuspecting victim gets close enough, the spider 
jumps on it and sinks its jaws into it. Not infrequently the spider 
anchors itself with a thread before leaping so that it will not fall, 
in much the same manner as a tinsmith ties a rope around his 
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waist wIk'm lie is repairing a steep sloping roof. Usually the color 
of the spider matcho.s the area in which it hunts, and it is therefore 
invisible to its victims. 

The thn'ad is frecpiently used by spiders for lowering tlKunselvTs 
from heights and for raising themselv('s as W(‘ll, in mu(‘h the same 
manner as measuring worms do. Certain of th(^ Argiopidae which 
build their webs close to the ground fretpu'utly have rather heavy 
nocturnal moths hit their webs and get caught momentarily; that 
is, until the struggles of the moth combined with its weight cause 
the web to give way, and the moth drops to the ground. Un- 
dauntiKl the spidt^r desccsals on its thread and proceeds to swathe 
the moth in a silken shroud. The spider ascends, reinforces its 
web, and slowly raises the moth from the ground. Working tire- 
lessly and delib(^rately, the thread is arranged time and again; 
and each time the moth is lifted higluT and higher until it is finally 
secured in the center of the web. Such feats of enginec'ring skill 
may l)e obser\ ..vi e.'iy p(*rsist(ait and interested student. Many 
web build(*rs tie up larger and obstreperous victims wliich get caught 
in their iK'ts and whi(?h might te'ar the n(?t apart in th(‘ir struggles to 
extricate themselv(*s. The trapdoor sj^ider of west(u*n United 
State's uses its silk to ce)ver the insiele of its cylindrical burrow, 
whie*h is made in the ground anei in which the spider hides with the 
round, mud-cove're'd, hingexl lid held partly open. When the spider 
is elisturbe'd, the' lid is allowexl to dre)p suddeaily, closing the burrow. 
The top of the liel or trap is covereel with mud anel el6bris like the 
surre)unding surface of the ground; and when closed, the burrows 
are' hard te) finel. 

The' lMn*e)pe'an diving spider, Dolomcdes, goe's beneath the sur- 
fae'e of the water in its se'arch fen* food. Some'times it consiructs a 
small, bell-shapc'd temt, spun among the branclu's of an aquatic 
])lant. The' be'll is fille'el with air which is carrie'd down by the 
spide'i* and iutroeluced into the> bell. The air elis[)laces the' water 
in the> inverte'd be'll; anel the spider then has a dry, cozy, silken 
room in which to rest. The hairy body of tlie^ spider lias air space's 
bc'tween the hairs so that when the' s]iider submerges, it is covered 
with a silvery film of air. Frequent trips are made to the' surface 
for fresh air to re'plenish the> supply in the e*hamber. In the cham- 
l)(*r the e'ggs are laid and the' young are born. The air keeps out 
the' water, and the ope'uing of the' chamber is centered with a pane 
of water in wliich swimming forms may be found. The spider 
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seizes these as they swim by. A number of spiders extend their 
foraging expeditions onto the surfaces of ponds and slow-moving 
streams where they reap a harvest of insects that have fallen 
into the water. The spider uses the surface film for support just 
as water striders do. Several American species of Dolomedes 
descend into the water to capture food. There is no evidence that 
any of these construct submarine nests, however. 

The courtship of spiders. In the wooing activities of male 
spiders we may see some interesting analogies to similar processes 
in humans. In the wobless spiders such as the runners and jump- 
ers the male usually has elaborate palpi which he displays prom- 
inently, weaving them back and forth in semaphore fashion before 
the female of his choice. Sometimes the male disports himself 
in the manner of a cocky young swain, strutting back and forth 
before the female. At other times he sways and dances toward 
the female, who in a few cases rather shyly backs away. Occa- 
sionally she also becomes excited and joins in the dance. When 
this takes place, the male^s suit is successful. In certain species 
of one family, the Pisauridae, the male catches a fly and carefully 
swathes it in silk and then presents it to the female of his 
choice. 

In some of the house spiders the male drums upon the web of 
the female with his palpi. She immediately comes to the entrance 
of her hiding place; and the male advances with gusto, swaying, 
dancing, and walking on his hinder legs. Ho finally, with a quiver- 
ing of his body, touches the female; and she immediately falls into 
a cataleptic trance. The male then seizes her by a leg and drags 
her about, finally mating with her. She apparently do(\s not 
awaken until the activity has been completed. In another of 
these spiders the male approaches the female, constantly vibrating 
the threads of the web and dancing in circles about her retreat. 
When the female is in the humor, she answers tlu^ male’s signal 
by pulling at the threads also. In the orb weaver the male ascends 
the web of the female and finally seizes the communicating thread 
which leads to her retreat. The two signal to each other by 
plucking at the threg,ds as though pla3dng a harp. 

In most species courtship is a rather dangerous procedure for 
the males, which are usually much smaller than the females. 
If the suit is unsuccessful*, the female rushes out and attacks the 
male as though he were an imprisoned fly, carries him into her 
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nest, and devours him. Anyone ean observe the mating habits 
of spiders, and the observer will be well rewarded for his efforts. 

Breathing. It has been suggested that many spiders breathe 
by means of tracheal systems. The Arachnida stand, phylogeneti- 
cally, between the Crustacea and the Insecta, Consequently the 
respiratory processes are, characteristically, modifications of both 
of these groups. 

Spiders, being terrestrial, have no giils; but in many species 
there are gill-like structures which consist of from fifteen to twenty 
br(?athing plates, resc^mbling the leaves in a book. Th(?se are the 
book lungs or lung books which lie in a hollow space at the margins 
of the anterior end of the abdomen. The lung books are connected 
with the ext(‘rior by means of a small pore already referred to. 

In the most primitive groups, only the lung books are present. 
In most spiders, however, there are also tracheal tubes, the 
brandies of which ramify throughout the body in a way similar 
to the system tound in insects. The tracheae open to the outside 
through the single median spiracle or breathing pore, visible on 
the underside of the abdomen. A few spiders, however, have a 
pair of spiracles. 

Classification. The spiders belong to the Phylum ARTHROP- 
OD A, Class AUACHNiDA. The word Arachnida probably is an 
application of the name of tlie Greek arachnCy meaning spider,^' 
and of tlie Greek eidos, meaning ‘‘shape,'' although some definitely 
connect it with Aradme, the spinning goddess. 

In the Class Arachnida there an^ five common orders, several 
otlu'rs being ndatively unimportant here: (1) Xiphosura, the horse- 
shoe crabs or king crabs; (2) Scorpionidca, the scorpions; (3) Fha- 
langidca, the harvc'stmen or daildy-long-legs (Fig. 54); (4) Ararina^ 
the mites and ticks; and (5) Arnneida, tlu» tna* spiders (Plates VH 
and VUI). 

Of th(\se th(' spiders arc the most commonly seen and gcMKTally 
distributed. In th(' United States there are 12 promiiuMit families 
as follows: 

(1) Aviculariidac — thc^ tarantulas and trapdoor spiders of the 
Southern and Southwestern states and tlu^ Far West. All of them 
are large, eight-eyed, hairy spiders with the chelicerae capable of 
being extended forward. A number of species in the family make 
burrows in the ground. In tlie trapdoor spiders, the burrow is 
closed with a lid. The bird spiders are tarantulas which roam about 
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at night in search of food. During the day they hide in ready- 
made retreats or in self-made burrows. There are others whicli 
lie in wait for their victims. One group of tarantulas, the Dip- 
lurinae, constructs funnel webs similar to those of the grass 
spider. All of our tarantulas and trapdoor spiders are confined 
to the Far South, Far West, and the Southwest sections in the 
United States. 

(2) Agclcnidae — including many household species and the mak- 
ers of the flat, wide cobwe^bs, which have a tubular retreat in the 
rear of the cen ter, found in the grass and in barns and cellars. 
These si)iders have tliree claws, eight ey(vs, and are somewhat 
S('dentary in their habits as a rule, although some of th('m are 
wanderers. They arc often referred to as the funnel web builders. 

(3) Hoboridae — small spiders possessing a cribellum and cal- 
amistrum. The eyes arc all dark colored which indicates diurnal 
habits. The lateral eyes are farther apart than the two pairs of 
median eyes. Length not more than 8 mm. Common in shady 
woods and low bushes and especially in lower branches of pines. 
Web small, circular in genus Uhborus, and triangular in Hyp- 
tioics. 

(4) Thendiidae — the builders of the loose and apparently ir- 
regular webs in the corne.rs of rooms, in hmces, in liollow place's 
in rocks, and between the branclu's of low trees and bushes. 
Sometimes goldenrods and otlu'r low herbaceous plants have tlu'ir 
entire floral clusters cohiplc'tcdy covered with the webs of the 
meml^ers of this family. The Thmdiidae are known as the coml)- 
footed spidc'rs, which may be distinguished from all other three- 
clawed, eight-eyed spidc'is by the presence of a comb of strong, 
toothed, and curved s(?ta(‘, locab^d on the tarsi of the fourth pair 
of legs. The comb is usually distinct and is used for tlirowing 
silk over entangled prey. In some of the Thmdiidae there is a 
stridulating organ which is said to produce sounds used in court- 
ship. The venomous Latrodccius, or black widow, belongs to this 
family; but most of them are harmless. The spiders of this family 
usually hang back downwards in their webs. 

(5) Lznr/pAzVdoe— «fiheet-web weavers. These arc small spiders 
which live in shady woods where they lurk among the lower 
branches of plants and under the leaves. Sometimes they inhabit 
eaves and cellars, while very small species live close to th(i ground 
among short grass and moss. Their delicate sheet webs are almost 
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invisible. The body is more elongate than in the Theridiidae, 
and the legs are stouter with more spines. The mandibles are 
large. Some members of the family arc reported to possess stridu- 
lating organs on the ehelicerae. All of them are three-clawed, 
eight-eyed, sedentary spiders which make webs of one or more 
sheets of silk. Several species make dome-shaped webs beneath 
which they live. There are two groups (subfamilies) in this family, 
the Linyphiinae and the Erigoninae; and since there are so many 
genera and species, it is difficult to differentiate among them. 
Many of them arc aeronautical. While most of them are dull 
colored, a great number have distinct markings. Violent color 
contrasts ani never present, however. 

(6) Argiopidae — the orb weavers. These spiders build the spec- 
tacular orb webs with which most of us are familiar. The webs 
are frequently stretched across paths, streams, and doorways. 
Some species do not make webs at all. The family is a large? one, 
including robust and slender species. Most of the common forms 
belong to the Genus Aranea (Epeira of some authors) which 
have rounded al)domens. In many cases the abdomen is decorated 
with s[)ines and humps, giving the spidc'r a grotesque appearance. 
Some of them are so constructed as to resemble buds, twigs, or 
s])iny stems. In this family there are long, slender speeies with 
elongated thorax and abdomen which belong, mostly, to the g('nus 
Telragnatha; and tliese hav^e long, prominent mandibles and long 
legs. Many of tin? orb weavers an? brightly colored. The habitats 
of tlu? niuiK'rous members of this family are diverse. 

(7) Diclynidae — the hackled band weavers. Cribellato spiders 
with a longitudinal median furrow on the eeplialothorax. Anterior 
median eyes dark; lateral ones pearly white and very close? to- 
gether. The tarsi boar three claws and the spinnerets arc all 
about the same length. The family contains four genera, only 
two of which arc common. 

Amaurohms is found in crevices of rock, on walls of rock, on 
cellar walls and in old stumps. An irregular web surrounds the 
entrance of the retreat. There are several species of this genus, 
but Arnaurohius ferox is probably the most common. It is a small 
spider found in cellars, under floors, and in outbuildings. 

Dictyna is also a commonly found genus, the members of which 
s])in irregular w(4)s on the branches and bark of trees and frequently 
on the outside of window sashes. These are all small, dark-colored 
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spiders not more tlian a third of an inch in length and usually 
smaller. 

(8) Thomisidac — the crab spiders. These are generally flat, 
short, and widened behind, and they run sidewise as do crabs, 
hence their common name. The first two pairs of legs arc usually 
longer than the others, and all legs extend sidewise from the thorax 
and not forward and backward as in most other spiders. The 
crab spiders are frequently found resting in flowers where their 
bright colors make them inconspicuous. The males are often 
brilliantly color ed with red, green, or yellow. Most females are 
whiter or yellow although in some species the females are as gaudy 
as the males. The colors of the males and young females usually 
occur in bands. The spiders are sedentary in their habits, patiently 
waiting for the insects which visit the flowers. 

(9) Lycosidae — the wolf spiders. These are wandering, long- 
legged, ground-colored spiders which are the most frecpu^ntly 
seen of all common spiders. Tlu^y roam about on the ground 
near the water, as a rule, often running over the surface of the 
water in search of victims which they pursue with surprising 
speed. 

Many of the largest native spiders belong to this family, and 
the females carry their rounded cocoons about with them, at- 
tached to their spinnerets. After hatching from th(^ c'ggs, tht? 
young ride about on the body of their mother for a time. The 
eyes have a peculiar arrangement which distinguishes them, oc- 
curring in three rows of four, two, and two. The abdomen is 
usually about as long and as wide as the cephalothorax. 

Most of the activities of the lycosids are carried on at night, 
and they rest in crevices and under stones and logs during the day. 
Wliile the lycosids are chiefly nomadic and have no special abodes, 
they utilize cavities for temporary shelter and in late fall the young 
spin their webs on the tops of plants and fences. In most species 
the immature young hibernate during the winter months and 
mature the next summer. A few of the lycosids make burrows. 

(10) Attidae or SaUiddae — the jumping spiders. These are 
usually short, stout spiders with a wide cephalothorax and short 
legs. They can jump in any direction and they do not spin webs, 
except for breeding and hibernating purposes. They live in open 
places such as the tops of plants and on the surfaces of buildings, 
rocks, and barks of trees. Some of them are brightly colored, and 
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most of thorn havx' a coloration which renders them inconspicuous. 
The front legs are usually the thickest, especially in males. The 
feet have only two claws, and the ey(\s occur in three rows; but 
thosci of the third row are pla(;ed far bacjk on the head. The eyes 
of the front row are mu(*h larger than the others. In many of the 
jumping spiders there are such differences between the males and 
the females that they are apt to be considered different species. 

(11) Drassidae. The Drassidae, like the Lycosidacj aro fairly 
large spiders; and they are usually ground spiders, although there 
are two or threci genera which are rather common on })ush(\s. 
They are most freqiuaitly seem running among dead leaves or 
short grass. Their nests are usually bags or flatteiK^d tub(\s, and 
they may be found among th(^ dead leaves or on stones. The 
flattened, roundish cocoons about the size of a penny which are 
seen on awjiiiigs and on the undersides of stones are those of 
iiKMnbers of this family. None of the species makes cobwebs for 
catching insects, lii form the Drassidae are generally several 
times as long as they are wide. They differ from the lycosids 
by being a little flattened on the back. The first two pairs of h'gs 
an' dire(;t(‘d forwards while the second and third pairs extend 
backwards. The feet have two claws with a brush of flattened 
hairs on each foot. Their bodies are vedvety in appearance duo 
to a body covering of v('ry short hairs and spines. The eight eyes 
are all about the same size, and they are arranged in two rows 
which an^ close together. The mandibles are very large, and 
together they are as wide as the head. Most members of the family 
are dull colored, gray, brown, and black with few or no mark- 
ings, although there are several species which are brightly marked. 

(12) Pisauridac. On the whole, these are rather large hunting 
spiders which do not make permanent nests. The female spins a 
large, round cocoon which slie carries beneath her body until 
just about time for the young to hatch, when she constructs a 
nursery by fastening the cocoon among the leaves at the top of a 
herbaceous plant or on the end of a branch of a tree or shrub. After 
securing the cocoon, a number of surrounding leaves are bound 
together by a loosely woven web. The mother spider remains 
outside the web, guarding the young against enemies. The com- 
monest pisaurid spiders belong to the Genus Dolomedcs which 
includes the diving spiders. Other members of the genus are 
generally found near water. The pisaurids are long-legged run- 
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ners with bodies mostly gray or black with lighter markings. 
Many of them have gray bands on the legs. They are all eight- 
eyed spiders with the eyes quite varial>le in size and arrangement. 
They are frequently mistaken for wolf spid(Ts (Lijcosidac); but 
they are larger, as a rule. 

There are numerous other families of spiders, most of which arc 
identified by size, pcnlifialpi, epigynum, calamistrum, ey(‘s, and 
chelicerae. The list is too long for inclusion lua-e since the char- 
acters are diverse. As with the specific identification of most large 
animal groups, ( he student is referred to the bibliography appended 
to the chapter. 

Considered as a whole, spid('rs are so variable as to warrant 
extensive discussion; and several interesting books hav(i becMi 
written about them. The student is referred to these for further 
study. 

Spiders make excellent laboratory specimens. They may be 
captured in bottles and kept in jars where their activiti('s can be 
readily observed. They can live for months without food, although 
they consume considerable water. 

Specinu'iis for the permanent collection should l)c^ pros('rv('d in 
alcohol, to which small quantities of glacial acetic acid and form- 
aldehydes have been added. The liquid should be quite warm 
when the spe'cinien is placed in it, to preserve the color. 

The habitats of some common spiders. A brief resume of the 
habitats of some common spiders is here append(‘d, but the 
int(?r(‘sted student must continue his studies in the references 
listed at the end of this chapter. 

Spiders arc to be found in all sorts of places; and while they 
vary tluMr habitats somewhat, there is, nevertheless, a rather 
definite selectivity among them. 

A knowledge of their preferences for hormi building and for- 
aging helps considerably in their d(‘termination. The light welxs 
in the corners of rooms arc chiefly those of Theridium tepidarorium, 
Steadota borcalia, and S. triangulom. In cellars the thin webs 
about the stairs and shelves are those of th(^ long-leggc'd Pholcus 
phalangioides, or of l^iniphyia ncbulom, or L. minuta. The thick, 
flat webs in corners and l)etween th(* beams are th(^ work of 7'cge- 
naria derhami. On the outsider of woodc^n buildings the two jump- 
ing spiders, EpibUmiim senccium, a small gray spid('r with the 
color of weather-beaten wood, and Marptusa familiaris are the 



THE SPIDERS AND THEIR RELATIVES 


249 


species most fr(Hiueiitly found. In find al)out houses arc to be 
found s(‘veral rouml-web or or])-web makers also. Aranea (Epcirn) 
sclopctanUy A. paiagiaia, and A. slrix are brownish spidcTs wliieh 
hid(^ in tlu' cracks during tlie day and make round webs at night 
in porches, barns, and wooden bridges. In the northern states 
A. cincrea has the same habits. 

Th(' small, flat w^'bs wliich collect dust and become conspicuous 
on tlu' walls of houses, in corners of windows, and under the (‘dges 
of shingles, an^ made l)y several species of Dictyna. Tla^se an* small 
spidei’s. not more than a .sixth of an in(*h long, and sometimes 
brightly colored. I'lK^y belong to the family Dictynida(\ 

In Soutli(‘ni stat(‘s one* of the most common houses spiders is 
Filistafa liibcrnalis (Filistalukie). Its web often inak(*s a dusty 
spot almost a foot in diamet(*r. 

''rh(‘ habitat of many species is under stones and sticks on the 
ground. Amoncr the kinds to be found in such situations are: 
Stcadotn hormtia; S. 'marmorata; S. guttata; Asagma amcrienna; 
and Latwdvctcs fuactausj th(* poisonous black widow in the himily 
Thcridiidar. The large jumpiiig spiders, Phidippus mystacciiSy 
P. au<la,L\ and P. tripunctatus (Attidae) makci large* white silken 
nests im(l(*r stones on the ground. Some spiders merelj'’ hide under 
th(* stoiH's where they may bt* taktai during the day. Among 
thesf* are Drassus mccatus, Gnaphom conapersa (Drafts d far), and 
Pwatfirsiwa atra. The wolf spiders, fjycosanidicola, L. communis^ 
L. prate tisis, L, poUta, and L, cinerea also hide und(*r stones and 
logs {Lyrn.sidac). 

Th(* crab spiders of the* g(*nus Xystfeus may som(*times be found 
under stonc's also, but they usually live on or undc*r the bark 
sev('ral f('(*t above the ground. 

In sumiiK'r plants are e.xcellent colh'cting places for the student 
of spi(U‘rs. The Lycosids run among the short grasst's. The smaller 
species of Liniphyia and Frigone make tlu‘ir flat wc'bs close to the 
ground among low plants. On the rocks a few feet above the 
ground are to be found the webs of Liniphyia marginata (Lini- 
phyiidae), L. communis, L. coccinca, and L. phrygiana. The 
WK'mlx'rs of the genus Thvridinni live in irregular webs constructed 
between h'aves and on the ends of twigs and herbaceous plants. 
Their webs are distinctly visible* wh(*n the de\v is upon them. 
The flat w(*b, or funnel w(*b, of Agalcna naevia is found on the 
grass and hedges. A f(*w of the jumping spiders have silk nests 
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among the leaves, while the Misumenay a genus of crab spiders,^ 
lives among the flowers where it waits for insects to alight within 
reach. Some members of the genus Dictyna are found on the ends 
of grasses. 

The round-web builders appear in succession during the sum- 
mer months. These belong to the genus Aranca {Epcira-Argiopi- 
dac). E. trivittata builds its round web on all kinds of bushes 
and grasses. It is followed by E. insular is and E. trifolium. In 
th(‘ bush(\s and trees liv(> Epcira angulatay E. sylvaticay and E. nord- 
rnani. In the (^pen si)ac(\s in woods where low bushes grow are 
several common species such as Cyclosa comica {Argiopidac) y Aero- 
soma spinca (Argiopidac)y and Ulobonis pliimipcs {Ulohoridac). 
The small Hyptiotes cavaius (lloboridac) lives among tlu^ 1 ow(T 
dead branches of piiK^ tr('(\s wlu're it perches on the ends of twigs, 
almost ('xactly matching the color of its perch. 

In the marshes and along streams and ditches, meml)ers of the 
genus Tciragnalha (Argiopidac) abound. These are the ('longatt'd, 
long-legged spiders mentioned before. Tlu'y may b(> colh'cted in 
great numbers by sweeping the bushes and grasses with an ins(‘ct 
net. On the tall grasses in the open marsh, the oblique and hori- 
zontal webs of Epcira {Aranca) placida and E. {Aranca) gihbrrosn 
appear. The two orb weavers, Argiope riparia and Argiopc trans- 
versa, also abound in the marshes where they leaver tludr brownish 
cocoons attached to the grasses during the winter months. 

Th(' serious collcH’tor who is intent upon obtaining all of the 
species in a given locality will also find an abundanc(^ of spiders 
in the mosses and dead l('av('s on the woodland floor. This is an 
excellent place to collect hibernating species. 

The Hahvestmen 

Order Phalangida — the harvestmen or daddy-long-legs. Har- 
vestmen (Fig. 54) are commonly found in most sections of the 
United States. Unlike the si)iders, the body is composed of what 
appears to be but one region. However, there is a cephalothorax 
in addition to the abdomen, although there is no constriction 
between the two. The abdomen consists of nine more or l(\ss 
distinct segments. The genital organs are situated between the 
margins of the (?ephalothorax and abdomen. They consist of an 
ovipositor in the female and a penial structure in the male. There 
are only two eyes located on a prominent tubercle on the anterior 
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margin of the (‘(^phalothorax. On the si(l(\s of the eephalothorax, 
just o})posite tii(i attachments of the first pair of legs, are two 
jKjres whicli lead to scc'iit glands. The n^spiratory system consists 
of tubular tracheae which o[)(‘n through spirack^s on the; under- 
side of the abdomen. In some species then? are also accessory 
spiracles on the l(*gs. The four i)airs of k'gs are very long and 
slender; and many a daddy-long-k^gs has lost a leg in its attempts 
to fr(H' its(df from the fing(TS of some farmer lad who held it sus- 
pended by one l(*g as lu' bragged, “ Daddy-Ion g-l(*gs tf*ll iiu} where 
the cows ar(\” Like tiu' sj^iders, the harvestmen can practice 
autotomy. 

IIarv(‘slni(Mi lay eggs uiuk^ stones or in the cn^vices of bark. 
When first hatchc'd, the young are white with coal-black (*y(\s. 
Harvestnu']! ha\(‘ jaw-likf' chelicera(\, and they fe(‘d upon plant 
lice anil otlicr siiiall ins(H‘ts. Th(‘ir defenses consist chiefly of 
tlK‘ir ability to ; , > nipidly nnd to trav(*rse rough areas over which 
their pursiuM’s cannot make mui*h headway. TIktc is some pro- 
tection naidiTi'd l)y tlu' scent glands and in having the body 
raised above* the* sul)stratum. As far as is known, the harvestmen 
have no silk glands, and they construct no sh(*lters. There are 
six families of harvestm(*n in the United State's; viz., Cosmetidae, 
confined to tlie se)uthern anel warmer se*ctie)ns; Plwlangididac 
with a wiele elistribution; Phalangiidae with generally distributee! 
species; Ischj/ropmlidae which is confined to the Midwest from 
Coloraele) te) New Mexico; Ncmastomntidac with spe'cie\s in Alaska, 
Washington, and one cave-dwedling species in eastern United 
States; Trognlidac, confined to the Pacific sIojm*. 

The Mites and Ticks 

Order Acarina — the mites and ticks. This oreler of arachnids 
is comf)e)se'el of niiine*rous .'^mall forms, most of which are parasitic 
on both plants and animals. Seane* sp('e*ie\s are fe)iind in the water, 
where they seek fish(*s, mollusks, and other aquatic forms iq^on 
which to live. Mites infest beetles, grasshoi)pers. and a host of 
other insects; and one southern form known as bHc rouge ^ or red 
bug, causes considerable irritation in humans by burrowing be- 
neath the skin. Nearly all grasshoppcTS have mites under tlieir 
wings. The harvest mites and itch mites are common irritating 
parasites on humans. Birds, bats, and other mammals are fre- 
quently infested with mites. Mites appear to have but one body 
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region because the cephalothorax and abdonum are broadly at- 
tached. The division of the body regions is difficult to see in many 
species. The abdomen is unsegmented although the last two 
thoracic segments are considered as being a part of the abdomen, 
and the third and fourth pairs of legs are attached to these seg- 
ments. Most larvae have only three pairs of legs, but like all 
other arachnids the adults have four pairs. Most mites breathe 
through tubular tracheae, although a few lack a respiratory sys- 
tem and obtain oxygen through the body surface. There are both 
oviparous and \ iviparous species. 

The ticks arc more frequently seen than are the mites because 
they are usually larger. Ticks are parasitic on birds, mammals, 
reptiles, and amphibians. Toads arc frequently seen with large 
wood ticks attached to their hind legs. 

The mites and especially the ticks are noted for transmitting 
many diseases. The Texas cattle fever and the Rocky Mountain 
spotted fever are spnMid chiefly by ticks. Scabi(^s, sheep scab, and 
numerous skin affections of birds, mammals, and human Ix'ings 
are transmitted or caused by several families of mites and ticks. 
Many galls on the leaves, stems, and roots of plants an' produced 
by mites. 

One interesting and little-known mite is the follicle mit(', Z)r- 
modex folliculorumj which is fre(]uently pr('S('nt in the hair follicles 
and sw(?at glands of humans. 

Th(i group is a tremendous one, and its members an' so diverse 
in habits as to imply considerable variation in spc'cic's, esjx'c'ially 
in the parasitic ones. Mites may be studied under magnifiers, 
and they may be preserved in colh'ctions ])y placing tlK*m on 
glass slides and dissolving out tlui soft parts with a warm solution 
of potassium hydroxide. TIk? skin can then be washed, dehydrated, 
and preserved in balsam. 


The Scorpions 

Order Scorpionidea — the scorpions. The scorpions are r('sidents 
of southern and western sections, but they are generally well 
known because of their poisonous stings and defiant attitudes 
which have caused them to be pictured extensively in trc'atises 
on dangerous animals. However, while they possess a viruk'iit 
poison, their stings seldom, if ever, result in the death of humans. 

The most striking features of scorpions are the large size of 
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their i^('(lipalpi, which terminate in a pair of pincer-iike cheliccrac; 
the flattened bodies; and the slender post abdomen. Unlike the 
spidcTs, tlie seorj)ions do not inject their poison through the 
chelicerae. Instead, the scorpion has a si)ecialized stinging organ 
on the end of tii(> abdomen. The sting has the ai)pearanc(i of an 
abdominal sc'gment. WIk'u disturl)ed, the sting is raised consider- 
ably by th(' upward curling of the abdomen. With the sting the 
scorpion deh'nds itself. The sting may be thrown forward over 
the back, as far as th(' la^ad, or moved to sidewise^ ])ositions by 
th(' swinging of the abdomen. The body of tin* scorpion is com- 
])osed of three regions: th(> unsegiiK'nted cej)halotliorax; the ])re- 
abdonKMi, which is com]M)sed of seven broad, flat sf'gments; and 
the ])Ost abdoiiK'ii, consisting of five rather slender segnuMits. 
In addiition lo th(‘ pedipalpi and the sting, the scorpion lias four 
l)airs of walking legs atla(‘hed to the cephalothorax. Tlie h'gs all 
hav(' tarsal claws. Then' is one ])air of eyes near the nu'dian line 
on th(‘ anterior s(H*rKjn of the ce])halothorax, and on each side 
th(‘r(‘ is a groip) of from two to live oth(*r eyes, all of which are 
simpk'. On lh(' Iowct side of the second abdominal segment, in 
mailin' six'cinu'ns, tlu're is a pair of com)>lik(' organs calk'd the 
])('ctin(‘s which are evidently s(*nsory. Bn'alhing is effected by 
niemis of four ])airs of book lungs which o])en to the outside on 
till' ventral surfaces of the third to sixth abdominal segments. 
Till' mail' has a longer post abdomen and broader pincers than the 
fi'iiiale. 

Scorpions are viviparous and the young are born alivc^ afti'r 
having compk'ted their developmi'iit within the body of the mother. 
The young, after birth, cling to the body of thi'ir mother by means 
of thi'ir |)incers. Then* are si'veral species of Amerii'an sc()r])ions. 
All of tlu'm are nocturnal. Scor])ions feed upon spiders and insects 
which tlii'y seize with their pincers and then sting to death. 
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CHAPTER XIV 


ARTHROPODS: THE INSECTS 

Thfi insects are, no doubt, the most abundant creatures on the 
face of the earth. They exist in every type of habitat known. 
They are to be found flying through the air; on and under water; 
on and in plants; on the surface of the ground and under it; on 
snow-capped mountains and desert sands; on and in the bodies 
of other animals; and in man’s places of abode. They can also be 
found in the many types of nests made by them. 

No other group of animals has so menaced man’s welfare, and 
in no other has he found such valuable allies. Since man’s advent 
on the earth he has successfully dominated the animal kingdom 
with the exception of the insects. These so-called lowly creatures 
have been his greatest competitors; and they have, at times, 
threatened his very existence. From time immemorial man has 
contended with insects which affect his person, his effects, and 
his sustenance. He has employed all of his chemical and mechan- 
ical genius in his efforts to save his crops, to protect his forests, 
and to check the spread of disease. Throughout the ages of his 
warfare against insects he has won but one complete victory and 
that was against the Mediterranean fruit fly recently in Florida. 

There is some indication that insects were the principal con- 
tributors to the decline of ancient civilizations, including Grecian 
and Roman, through the spread of malaria. 

Sleeping sickness, yellow fever, malaria, and other insect- 
transmitted diseases cause more deaths today in tropical countries 
than all other diseases combined. The successful completion of 
the P^mama Canal and other important projects was made possible 
only after mosquitoes were controlled. The housefly, mosquitoes, 
bugs of several kinds, and numerous other insects are dissemina- 
tors of fevers, skin infections, ix>isons, and tapeworms. 

As will be seen l^r, beneficial plants of all kinds are seriously 
affected by destructive insects which include the cotton boll 
weevil, gypsy moth, Japsnero b^le, European com borer, army 
worm, cut worms. Rocky Mountain locusts, and thousands of 
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Fig. oo. Uniciuc form and sexual differences in insects. A. South 
American l)cetle, male above and female below; B. East Indian walking;- 
stick, illustratiiiK protective mimicry; C. Snout beetles from New Zealand, 
male left and female riRlit; D. South American butterfly, male above and 
female below; E. East Indian snout beetle exhibiting protective mimicry; 

F. Stalk-eyed flies from Africa, female lower left; G. Bug, the lantern 
fly from South America. From Brit. Mus. Nat. Hist. 

others. The flower yard, vegetable garden, and orchard provide 
excellent sources for the study of a myriad of harmful, but inter- 
esting, insects. A number of these are discussed and figured later 
on. While it is true that there are thousands of objectionable and 
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harmful insects, on the other hand surgery successfully enlisted 
the aid of flesh flies {CaUiphoridae) to cure gangrenous infections 
and osteomyelitis when the knife failed. 

Everything man eats, wears, or uses is subject to the destruc- 
tive ravages of insects; and the yearly toll amounts to hundreds 

12 . 



Fig. 56. The external features of a grasshopper. 1. Maxillary palpus; 
2. Mandible; 3. Labrum or upper lip; 4. Clypcus; 5. Frons; 6. Compound eye; 
7. Ocellus or simple eye; 8. Vertex; 9. Antenna; 10. Gena or cheek; 11. Prono- 
tum; 12. Tegminum or wing cover; 13. Spiracle; 14. Spiracle; 15. Tympanum 
or ear drum; 16. Flying wing; 17. Supra-anal plate; 18. Podical plate; 19. Cer- 
cus; 20. Ovipositor; 21. Labial palpus; 22. Femur; 23. Coxa; 24. Trochanter; 
25. Femur; 26. Tibia; 27. Tarsus; 28. Femur of middle leg; 29. Spiracle; 30. Ster- 
num of abdomen; 31. Tergum of abdomen. After Turtox key card, courtesy 
Gen. Biol. Supply Co. 

of millions of dollars. But again the beneficial activities of certain 
insects in cross-pollinating flowers of fruits, clover, and other 
plants cannot be measured. In addition to serving as food to 
birds and many other animals, they are the sources of many 
products which man uses. Among these are honey, shellac, silk, 
dyes, and medicines. However, the most valuable service rendered 
by insects is not evident to the ordinary observer. While a great 
number of insects are exceedingly destructive, there are others 
which render a great service to man by their habits of parasitizing 
and feeding upon harmful members of their kind. 
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The insects are so diverse, so numerous, so widely spread, and 
so closely interrelated with the lives of other animals and plants 
that, if some great catastrophe were to suddenly remove them 
from the fauna, the balance of nature would be more greatly dis- 
turbed than by the removal of any other animal group, probably 
including man himself. 

Aside from the economic aspects of insects, their study will 
reveal the most interesting analogies, the most' mechanically 
efficient social organizations, the most spectacular colors and 
structures, and the most captivating behaviorisms. 

Insects were the first agriculturists (leaf-cutter and harvester 
ants), bakers (scarab beetles), confectioners (bees, honey ants), 
illuminating engineers (click beetles, fireflic^s), aeronauts (dragon 
flies), and musicians (crickets, katydids, cicadas, etc.). They had 
the first cah^terias (ants) ; they built the first complex houses (bees, 
wasps, termites); they had the first armies (ants); they originated 
gas warfare n„i ''‘^ardier beetles); and they were the first masters 
of slaves (ants). 

Since they are the most numerous, the most accessible, and, 
next to man, th(i most important animals, it is only proper that 
the naturalist become familiar in general with their structures, 
their habits, and their more common ix'presentatives. 

Insects may be collected in all places and at all seasons, and 
the student should derive a real pleasure from observing and 
collecting them. 


Parts of an Insect 

What is an insect? We have already learned that an insect may 
be distinguished from other animals by the fact that the body is 
divided into three usually evident regions; viz., head, thorax, 
and abdomen. The head is usually prominent and bears the 
mouth parts, compound eyes, ocelli, and antennae (Fig. 58). 
Insects usually have one pair of compound eyes and a variable 
number of ocelli or simple eyes, although the usual number is 
three. The ocelli are usually lacking in beetles, however. There 
is but one pair of antennae or feelers which are diverse in size, 
form, and insertion on the head among the various kinds of insects. 

Th(? six l('gs are attached to the middle region or thorax which 
has three segments. The front legs arc articulated to the prothorax; 
the middle legs are on the mesothorax; and the hind legs are on 
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the metathorax. The thoracic segments are fused together so as 
to be invisible in many higher insects. They are distinct, how- 
ever, on Thysanurans 
and some other general- 
ized insects. 

Most insects have 
wings, although there 
are numerous wingless 
forms, as explained 
later. As a rule there 
are two pairs of wings, 
one pair attached to the 
mesothorax and the 
^ other to the metathorax. 
The order Dipt era has 
only one pair of wings, 
the second pair having 
been replaced by hal- 
^13 teres or balancers which 
are attached to the met- 
athorax. The wings, 
too, are so variable in 
form and function as to 
warrant a separate dis- 
cussion. 

The abdomen is the 

Fig. 57. Beetle anatomy. 1. Prosternum; body region, 

Proepisternum;5.Proepimeron; Coxal cavity; and it is usually dis- 

pronotum; 6. Mesosternum; tinctly segmented. The 
7. Mesoepisternum; 8. Mcsoepimeron; 9. Met- i 7 

asternum; 10. Antecoxal piece; 11. Metaepi- i^^i^beroi segments var- 
sternum;/^. Metaepimeron; 13. Inflexed side of ies; but the usual num- 
elytron or wing cover; a. Sternum of abdominal ber is ten although this 
segment; an. Antenna; c. Coxa; /, Femur; Ip. i I , , " 

Labial palpus; md. Mandible; vip. Maxillary ^J^^t)er is not always 
palpus; t. Trochanter; th. Tibia; ts. Tarsus, visible. The aVjdomen 

From Folsom and Wa^le, Entomology, courtesy sometimes carries ap- 
P. Blakiston's Son & Co. , , . , ^ 

^ pendages which occur, 

with few exceptions, at or near the caudal end. These appendages 
consist of genitalia, or external processes connected with tlie repro- 
ductive organs; bristle- or hair-like cerd (May flies, stoneflies, Thy- 
sanurans), which are usually sensory; and caudal filaments (pseu- 
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docerci). In larvae and in a few adults there may be breathing 
tubes (mosquito larvae, water scorpion), filamentous gills (May 
fly larvae), leaf gills (damsel fly nymphs), and other structures 
described later on. 

The genitalia differ in the sexes. In the male they consist of 
penial structures and claspers, while in the female they are ovi- 
positors. In some insects, such as bees, sawflies, and ichneumon 
flies, the ovipositors are modified for sawing, boring, or stinging. 

In addition to the above-mentioned abdominal appendages 
there are others which are restricted to comparatively few indi- 
viduals. Among these is the spring or leaping organ on the spring- 
tails (fiolleinbola). An unusual set of very much reduced abdom- 
inal appendages occurs on a few insects. These are small, hair-like 
styli which occur on the ventral side of the abdominal segments 
of certain primitive wingless insects {Thysanura). These are said 
to be the vestiges of abdominal legs, and they indicate the prim- 
itive charactf^T < ^ these wingless insects. 

In some larvae, such as caterpillars and the larvae of gall flies 
and sawflies, there occur fleshy structures which serve as legs. 
These are prolegs and must not be considered as being true legs. 

The outstanding anatomical features of specific insects are 
presented in individual discussions. 

Mouth parts. There are two distinct types of mouths among 
insects — mandibulate or chewing mouths, and suctorial or sucking 
mouths. While these vary considerably, each type is easily dis- 
tinguished. 

The mouth consists of: (1) the upper lip or labrum, a ij *'Vable 
flap attached to the clypeus; (2) the horny mandibles or first pair 
of jaws; (3) a bristle-covered, toothed epipharynx beneath the 
labrum and above the pharynx; (4) the maxillae or second pair of 
jaws, which are more complex than the mandibles. Each maxilla 
consists of three parts, palpus, gaUa, and lacinia, which are borne 
on the stipes or footstalk and attached to the skull by the cardo 
or hinge. (5) The labium, or lower lip, which is, in a way, similar 
to the maxilla and composed of the mentum, submentum, palpiger, 
glossa, paraglossa, and palpus (Figs. 59-60). 

The tongue or hypopharynx is a fleshy orgy^.n more or less united 
with the base of the labium. 

In the mandibulate or chewing insects the above parts are 
usually distinct. In the sucking insects, liowcvor, there are highly 
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tibia, which is usually more slender than the femur; and the tarsus 
or foot, which is usually composed of five smaller segments and 
which bears the claw (Fig. 56). In all insects these segments differ 
in size, shape, length, and form. The legs are frequently modified 
for seizing (mantis, giant water bug), for swimming (dytiscid 
beetle, water boatman, backswimmer), for running (ground 
beetles, roaches, tiger beetles), for walking (walking-stick), for 
digging (mole cricket, scarab beetles), and for jumping (grass- 



Fig. 59. Mouth parts of a roach. A. liahrum; B. Mandibles; C. Hypo- 
pharynx; D. Maxilla; E. Labium; c. Cardo or hinpje; s. Stipes or footstalk; 
pj. i’alpifer; g. (D) Galea; sg. Sub^aloa; /. Lacinia; mp. Maxillary palpus; 
sin. Submcntuni; in. Mentum; p. Palpiger; Ip. Labial palpus; g. (E) Glossa; 
pg. ParaKlossa. After Folsom and Wardle, Entomologijj courtesy P. Blakiston’s 
Son & Co. 

hopi)er, cricket, katydid). In the grasshoppers the long hind legs 
also servo as a prop wIkmi the insect is standing on a vertical stalk 
of grass. 

Occasionally the legs exhibit secondary sexual characters. For 
instance, in tlie dytiscid and gyrinid beetles the males have clasp- 
ing structures on the tarsi (Fig. 39). In the fruit flies {Drosophi- 
lidae) and the long-legged flies {DoUchopodidae), the front tarsi 
of the males are elongated and ornamented with hairs. In certain 
locusts there are stridulating or sound-producing structures. 
These consist of a row of minute spines on the inner sides of the 
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hind femora. The legs of dragon flies fold so as to form a basket 
in which captured food is carried. In crickets and katydids the 
tympana (sing, tympanum), or ear drums, are located on the legs 
(Fig. 79), while in honey bees the legs are greatly modified for 
gathering pollen, cleaning the antennae, and manipulating the 
wax (Fig. 152). The tumble bugs (scarab 
r beetles) usually have no front tarsi, and the 

\ distal ends of the tibiae are toothed, the teeth 

r serving as ‘‘rakes” in removing stringy ma- 

I ^ terial from the food (Fig. 134). 

\ Frequently the legs are hairy or carry spines. 

\\. Rl ^ tarsus usually bears one or two claws be- 
tween which on the underside there are 
sometimes cushion-like pads called pulvilli. 
Glandular hairs are occasionally present on the 
/ ^ pulvilli. These secrete an adhesive substance 

which enables such insects as flies to walk up- 
side down on the undersides of objects. 

In addition to the thoracic legs, many larvae 
^ (especially caterpillars) have fleshy prolegs on 

of^^ground bcSle^ segments of the body. The larvae of 

р. Palpus; I La- flies, of many beetles, and of most hymenop- 
cinia; g. Galea; sg. terous insects are legless. 

с. '^Cardo.* After Fd- Most of these characters and adaptations 

som and Wardle, are discussed and described in connection with 
Entom&logy, cour- individual insects. The adaptive features of 
S?n&Co usually indicate the habits and habi- 

tats of individuals and assist generally in 

determining environmental relationships. 

Eyes. The eyes of insects are of two kinds; viz., simple eyes, or 
ocelli, and compound eyes. Both kinds vary somewhat in size 
and position, according to habits, haunts, and species. There are 
always two compound eyes, except in a few blind insects; and they 
are, as a rule, the more prominent. 

An examination of the eye of an insect will reveal that it has 
numerous facets XFig. 61) each of which has a hexagonal shape. 
The number of facets ranges from one in the workers of certain 
ants to 2500 in the grasshopper, 4000 in the housefly, 17,000 in 
the papilio butterfly, and 25,000 in the beetle, mordella. 

The facets are the corneal ends of rod-like structures called 
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(mmatidiaj each of which is a separate eye with a cornea, a crystal- 
line cone or lens, and a retinula. The surface of the facet or cornea 
is convex, and there is no compensating shutter of focusing appa- 
ratus. Therefore the foeus is fixed; and the convexity of the cornea 
makes the insect short-sighted. 

The compound eyes may be round, oval, kidney-shaped, or 
triangular. They may be close together as in most dragon flies 


Facets 



A. B. 


Fir,. 61. I3iagrams of insect eyes. A. Compound eye; B. Simple eye or 
ocellus. From Invertebrate Zoology ^ A. af^or Schmcil and B. after 

Borradaile and Potts. 

or widely separated as in damsel flies and in the tropical, stalk- 
eyed flies (Fig. 55). Sometimes, as in whirligig beetles and May 
flics, the eye is completely divided into two separate lobes 
(Fig. 28). There is frequently a difference between the eye^ )f males 
and females, the males usually having larger eyes wuh more 
facets. The drone bee, for in.stance, has much larger eyes than 
does the queen (Fig. 62). Even the facets may vary in the same 
eye, those on one side being larger than the facets on the other 
side. 

The position of the eyes is dependent upon the habits of the 
insect. They may be on the front, underside, or upperside of the 
head; but they are always in a position where most effective. 

Experimental evidence suggests that the compound eyes are 
chiefly detectors of movement and that definite images play only 
a subordinate r61c in vision. 

One might he led to believe that, since each ommatidiimi is a 
separate eye, the insect would see an ol)ject hundreds of times all 
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at once, but such is not the case. Each ommatidium contributes 
to a general image by recording only a part of an object looked at. 
In other words, with the great number of ommatidia, each capable 
of sight perception, the image formed is a combined one or a 
mosaic, each ommatidium recording only a part of the ob- 
ject. 

Sometimes nocturnal insects have a reflecting structure or 
tapetum which increases the intensity of faint light by causing it 



Fig. 62 . Heads of queen bee (left) and drone (right) showing differences in 
size of eyes, insertion of antennae, and simple eyes or ocelli. After Cheshire from 
Folsom and Wardlc, Entomology, courtesy P. Blakiston^s Son & Co. 

to pass through the crystalline cone twice. The glowing eyes of 
moths in light reveal the tapetal structure. 

The simple eyes are called ocelli, and they vary in number and 
position. There are u^ally three ocelli, however; and these are 
generally located on the frons or vertex. In most beetles the 
ocelli are absent, and there are lateral ocelli on the heads of many 
caterpillars. Each ocellus is capable of light perception, and its 
construction is somewhat similar to an ommatidium. The ocelli 
seem to function, primarily, in detecting light intensities. 

Wings. The wings are primarily used for flight, but there are 
to be seen in them numerous modifications for other purposes. 
Insects usually have four wings (two pairs), one pair attached to 
the mesothorax and one pair attached to the metathorax. How- 
ever, the dipterous insects have only one pair of true wings and 
a second pair of ‘‘balancers'' or halteres. These are visible on the 
giant cranefly shown in Fig. 37. 

In the more primitive orders of insects (Thysanura, Collemhola) 
there are no wings at all. In some of the higher winged orders 
there are apterous individuals which have lost their wings through 
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disuse. Among these are bedbugs, aphids, and the females of the 
tussock, cankerworm, and bagworm moths. 

In beetles, grasshoppers, and earwigs the front wings are thick 
and horny and serve to protect the membranous fl3dng wings 
which fold beneath them. In these the front wings are not organs 
of flight. They are held forward so as not to interfere with the 
vibration of the hind wings, and they function as gliders and 
balancers. You have probably noticed that a May beetle falls 



Fig. 63. A primitive insect wing showing numerous veins. Compare with 
the wing of a bee. C. Costa; Sc. Subcosta; R. Radius; M. Median; Cu. Cubitus; 
Rs, Radial Sector; A. Anal. After Comstock. 


when it flies against an object. The contact causes the front wing 
to interfere with the vibratory movements of the hind wing. 

The wings arc considerably reduced and shortened in rove 
beetles (Staphylmidae) j some short- winged grasshoppers, irwigs, 
and in thrips (Thysanopterd), while in many other insects the 
wings are the scat of sexual adornment, the male being, as a rule, 
the more brilliantly colored. 

Sometimes the wings are hairy, as in caddis flies and mosquitoes. 
In moths and butterflies the scales carry the color properties. In 
all cases the wings are mechanically adapted to flight, being 
strengthened at their anterior margins by heavy costal veins and 
supplied with cross veins to add rigidity. 

In the four-winged insects, the synchronous vibration of the 
wings is effected in several ways. In bees tl ere is a row of hooks 
called hamuli on the anterior or costal margin of the hind wing. 
In flight, these hooks fasten in a fold on the posterior or anal 
margin of the front wing, holding the wings together (Fig. 64), 
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In most moths there is a bristle-like structure in the humeral 
angle of the hind wing. This projection is called a frenulum, and 
it catches in a membranous fold on the front wing and serves to 
hold the wings together in flight (Fig. 64). 

On the fore wing of the hepialid moth, the posterior lobe is 
modified into a slender, finger-like structure called the jugum' 
which slips under the anterior margin of the hind wing. 

The dobson fly has a structure called the fibula on the posterior 
margin of the front wing. This clasps an elevated vein on the 
hind wing and serves to hold the wings together. 



Fig. 64. Wing structures. Hamuli on hind wing of a bee, at left (Pho- 
tomicrograph); Frenulum on hind wing of a moth, at right (enlarged). 


The veins in the wings are developed chiefly along the tracheae 
or respiratory structures, and their number and modifications are 
the absolute bases of identification in some insect groups. The 
venation is sometimes an indication of the primitive or highly 
specialized character of insects, the more primitive forms usually 
having a greater number of veins. A typical primitive wing, with 
the principal veins named, is shown in Fig. 63. A specialized wing 
such as that of a hymenopterous insect is shown in Fig. 150. 

It might be added that the positions of the wings at rest are 
variable and serve to aid in the quick identification of such insects 
as moths, butterfly, damsel flies, and dragon flies. The experi- 
enced collector of insects is usually able to recognize the kinds of 
insects by their flight characteristics. These vary so much that 
numerous species of all groups have flight manners so distinctly 
individual as to make them readily identifiable while they are on 
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the wing. A knowledge of flight characters adds greatly to suc- 
cess in collecting with a net, especially in the cases of certain 
dragon flies. 

Antennae. There are many types of antennae or feelers (Fig. 65). 
In some insects, such as long-horned beetles and caddis flies, they 



Fio. 65. Types of antennae. A. Filiform (stink bug); B. Setaceous (dragon 
fly); C. Moniliform (dermestid beetle); D. Geniculate (bee); i. Flagellum; 
p. Pedicel; s. Scape; E. Irregular (carrion fly); a. Arista; F. Setaceous (ground 
beetle); G. Clavate (monarch butterfly); H. Pectinate (beetle); I. Lamellate 
(June beetle); J. Capitate (Erotylid beetle); K. Irregular (Gyrinid beetle). 
After Folsom and Wardle, Entomology, courtesy P. Blakiston’s Son & Co. 

may be considerably longer than the body, while in the fast- 
flying dragon flies they are reduced to mere bristles. Long anten- 
nae would seriously impede the flight of dragon flies. The size, 
form; and insertion of the antennae are different in the various 
species; and frequently they are dependent on the habits of the 
insects and the function of the antennae themselves. 

In many insects such as grasshoppers the antennae are real 
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feelers and are tactile. In many moths, aphids, and beetles they 
are olfactory and bear smelling organs which arc usually in the 
form of olfactory pits. In the June beetle there arc nearly 40,000 
of these pits on each antenna. The antennae of hydrophilid beetles 
are respiratory, and those of the male blister beetle {Meloe angus- 
ticollis) are adapted to hold the female during coition. This is also 
the case in certain springtails. 

There are distinct sexual differences in the antennae in many 
insects. In moths the male antennae are usually much more 
feathery than those of the female. The male mosquito has plumose 
antennae, and those of the female are thread-like. In mosquitoes 
the antennae are auditory. They may be likened to sending and re- 
ceiving sets. The femaki, during the mating season, produces sounds 
by vibrating her thread-like antennae. During this period the sus- 
ceptible males hold their plumose antennae erect and receive the 
sound waves sympathetically. In this way the sexes are drawn 
together. 

The antennae are composed of a varying number of segments, 
all of which are not necessarily alike. In fact the number, size, 
and shape of the segments are frequently of importance in identifi- 
cations. The nomenclature of the regions of the antenna are shown 
in Fig. 65. 

How insects breathe. The respiratory system of insects in some 
ways resembles the plumbing of a building inasmuch as it con- 
sists of a network of tubes or ‘^pipes'' which ramify through the 
entire body, conducting the life-sustaining oxygen to all tissues 
and organs. These carrying tubes are connected with main lines 
or trunks which are in turn connected with the outside. If you 
will examine the sides of a grasshopper's abdomen, you will see 
what appear to be tiny pores, a pair to each segment (Fig. 66). 
These are the stigmatxi or spiracles, which are openings of tubes 
which lead to larger tubes within the body. In a typical insect 
there is a pair of spiracles to each body segment and two main, 
longitudinal tubes, one on each side, with which the external 
openings connect. The larger, internal tubes are called tracheae; 
and from them ar^^mjrriads of ultra-microscopic branches which 
reach all body tissues. These minute branches are called tracheoles, 
and they perform the real respiratory functions (Fig. 66). Air is 
drawn into the body thtough the spiracles, and is conducted to 
the tracheae and then into the tracheoles. You have probably 
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noticed how wasps and butterflies raise and lower their abdomens 
when at rest. They are pumping air into the body. Specialized 
muscles and ‘‘pumping sacs” assist in forcing the air through the 
tracheae. Since most insects arc specialized, few of them have the 
typical number of spiracles; and there arc also vast modifications 
of the internal system with which we are not particularly con- 
cerned here. In a few insects the 
system is independent for each 
abdominal segment. 

The number and position of the 
spiracles arc quite variable; and 
in adult aquatic forms, such as 
beetles and water bugs, they are 
usually on the upper surface of the 
abdomen so that the folded wings 
cover them and thus prevent water 
from entering them. 

The light oils which are sold as 
“fly sprays” are partially effica- 
cious in that the insects inhale 
the tiny globules of oil into the 
?ipiracular oi)eiiings, and the insect 
suffocates because its breathing 
“pipes” are clogged. These sprays usually contain poisonous 
substances as well. The recent insecticides, however, are “contact 
poisons” which are designed to penetrate the outer skeleton. A 
light oil is used as a carrier for poisons such as pyrethruii which 
affect the nervous system. Birds may be frequently seen “c sting” 
themselves, and sometimes finely powdered clay or soot is dusted on 
the plants to kill insect pests. The fine particles of dust iilso choke 
the tracheae and kill the insects, although the spiracles usually 
have fine hairs to prevent the dust from entering the main tracheae. 

Since the most extensive modifications of tlu^ respiratory system 
0(;cur in aquatic insects, these will be discussed in detail in the 
chapter devoted to water animals. 

The Development of Insects 

The eggs of insects. As a general rule iu>ects lay eggs and are 
therefore oviparous, although in a number of forms, notably flesh 
flics and aphids, the young are frequently born alive. 



Fig. f)6. The breathing systems 
of insects. A. Tracheal system of a 
beetle; B. Locust tracheal system; 
tr. Trachea; sp. Spiracles. A. 
after Kolbc; B. after Snodgrass. 



274 


THE LIVING WORLD 


The eggs are of various sizes and shapes according to the kind of 
insects; and they are often as spectacular as snowflakes in form 
(Fig. 67). The number of eggs also varies and ranges from one in 
the sheep ‘‘tick*' (Mehphagus ovinus — Diptera) to thousands in 
ants and termites. Among the solitary insects such as certain mud 
wasps, w'here one or both parents provide for the offspring, the 
number of eggs is reduced. Except in rare cases (e.g., Chalcid 
flies) only one insect comes from each egg. When one egg produces 
more than one individual, they are always of the same sex and the 
process is called polyembryony. 

Egg-laying habits of insects. There is also a great diversity of 
habit in laying eggs, and each female insect is equipped with a 



Fio. 67. Types of insect eggs. After Folsom and Wardlc, Entomology, 
courtesy P. Blakiston’s Son & Co. 

special apparatus called an ovipositor for depositing them. Th<» 
dragon fly may bo seen striking the water in quick succession with 
the abdomen curved downward with her ovipositor. Or she may be 
seen to descend beneath the surface (sometimes dragging the male 
with her) where she attaches her eggs to a submerged object. 

The katydid attaches her eggs around the margin of a leaf, 
while the walking-stick merely drops her eggs to the ground where 
they lie for two years before hatching. The female grasshopper 
inserts her whole abdomen into moist, rich earth and deposits her 
eggs in the depression (Fig. 69). The sticky covering of the eggs 
collects particles of dirt which enclose the mass in a finger-like 
capsule. The cockroach secretes a curious capsule (ootheca) in 
which the eggs are encased (Fig. 80). She carries this capsule on 
the tip of her abdomen until a few days before the eggs are ready 
to hatch, and then she inserts the capsule in a dark, warm, dry 
crevice. The long^lack ovipositor of the female cricket is used to 
deposit the eggs in sandy soil. Many insects lay their eggs in the 
bodies of other insects (Figs. 7, 8, 9). The ichneumon flies which 
have long, thread-like ovipositors lay their eggs in the backs of 
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caterpillars; and some species, including Thalessa, even drill into 
hardwood trees to leave their eggs in the burrows of other in- 
sects (Fig. 143). The cicada, a seventeen-year locust, deposits her 
eggs in a slit which she makes in a twig. The blowfly lays its eggs 
in the nostrils of sheep, and the warble flies lay their eggs on the 
hairs of rats, rabbits, horses, and cattle. The mantis attaches its 
eggs in elongated masses on twigs, covering them with a silken 
material, while the spittle insects (froghoppers — Cercopidae, 



Fig. 68. The life history of the lace-wing, Chrysopa (Neuroptera- 
Chrysopidae), a. Eggs on stalks; b. Larva; c. Tarsus; d. Larva devouring an 
aphid; e. Cocoon; /. Adult with wings at rest; g. Head; h. Adult with wing^ 
expanded. After Chittenden, courtesy Bur. Ent., U. S. Dept. Agric. 

Homoptera) (Fig. 88) and certain moths {Heterocampa) cover 
their eggs with froth. The female water bug is hesitant to lay her 
eggs just anywhere, lest they be devoured by other animals; so 
whenever possible she seizes an unwary male and glues her eggs 
all over his back (Fig. 33). This renders his wings useless, and he is 
forced to remain in the water until the young are hatched. 

One of the most interesting merbods of egg laying is to be seen 
in the lace-wing (^Chrvsona^ ^Fig. b8). The female seems to 
realize that if she labi e-i ot the eggs together on the surface of a 
twig, tne one fir^t hatched wordri eat up ali its potential brothers 
and sisters; and sc she safeguards against this by placing each egg 
on a hair-like stalk. TIio newly emerged young, called an aphis 
lion, descends the supponi^ig thread and goes about the surface of 
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Fig. 09. 
soil. 


A locust depositing eggs in the 
Courtesy U. S. Dept. Agric. 


the leaf or stem feeding upon plant lice. Many insects, such as 
coddling moths and chestnut beetles, deposit their eggs in the 
fruits and flowers, while others attach them in clusters to the sur- 
faces of leaves and stems. 
Mosquitoes make floating 
rafts of their egg masses, 
while gall-makers lay their 
eggs in the stems or leaves 
of plants. 

These examples serve to 
show that in general the 
egg-laying habits are inter- 
esting as well as diverse. 
The oviposition of many 
other insects is described in the discussion of groui)s and species 
later on. 

Hatching of the eggs (eclosion). The duration of the egg state 
is dependent upon several factors, such as kind of insect, temper- 
ature, and humidity. The walk- 
ing-stick remains in the egg for 
two years, while some flies hatch 
within a few hours. Many of 
our ins(H*ts pass the winter in the 
egg. Since most eggs have a 
tough shell or covering, the man- 
ner of ecfdsion is of interest, al- 
though not a great deal is known 
about it. Many larvae eat their 
way out, while the contortions of 
the developed young within often 
break the shell. Some fly larvae 
have swellings on their heads 
with \vhich they bombard an 
opening, while flea larvae are 
equipped with a temporary knife- 
like structure on the head which 
cuts an opening as "the head is 
moved. The egg usually has a hatching line or suture along which 
the shell is weaker. The movements of the young inside usually 
cause the egg to open along this line. 















Fra. 70. The saddle-back cater- 
pillar, Sibine stimulea {Eudeidae). 
Courtesy U. S. Dept. Agric. 
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The metamorphosis of insects. When the young insect emerges 
from the egg, it may or may not resemble its parents; and whether 
it does or not, the youngster must pass through certain stages 
before it is mature. In those insects where the larva or young in 
no way resembles the parents, these stages are quite pronounced, 
while in others the stages may be gradual transformations. This 
development is known as metamorphosis {meta — “beyond”; 
morphos — ‘ ' form ”) . 

Since the chitinous skeleton is on the outside, the insect must 
shed it from time to time in order to allow growth. A special 



Fkj. 71. A swallowtail butterfly, Papilio Iroihis (Pa- 
pilionidiie). A. Larva; B. Larva suspondod for pupation; 

C. Clirysalis. From Folsom and WarxUc, Entomology y 
eourtc.sy F. Hlakiston’s Son & Co. 

glandular soendion, known as the molting fluid, assists ii. i*asting 
off the outer skin. The process of shedding the skin is known as 
molting or eedysis; and the cast-off skin is called an cxuoium. The 
iiumbca* of ecdys(\s is usually from four to six times, but in frequent 
cases it is many more, being at least twenty in a certain May fly. 
In nearly all cases there is some change in the insect after each 
molt, so the intervals between eedyses are called stadia, and the 
form of the insect in the stadium is called tlu^ instar. 

In the wingless insects such as silver fish, springtails, head lice, 
and biting bird lice, there are no marked changes in the develop- 
ment; and the young are images of their i-arents. These forms 
arc said to be amctabolous (without change). 

Paurometabolous (gradual change) insects are those which un- 
. dergo gradual changes in their development. The young of these 
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are called nymphs, which resemble the parents except for the fact 
that they are small and disproportioned, and they lack wings. For 
example, the young grasshopper is easily recognized as such; but 
it usually has to molt six times before it is a mature insect with 
wings and well-proportioned parts. After each molt the increasing 
development is noticeable. All of the Orthoptera, termites, 
earwigs, book lice, bugs, and thrips undergo this gradual meta- 
morphosis. 

In certain insects such as stoneflics. May flies, and dragon 
flies there are not four distinct stages in development; and yet 

the transformations are 
more pronounced than 
; those of paurometabo- 

® ; lous forms. The young 

of these are called 

Comstock), and the in- 

/^cm^me^a6oZo^^6' (half 
change) . Among flies, 

there are four distinct 
stages in development; 
viz., egg, larva, pupa. 

Fig. 72 TobMTO worm-hawk moth, Pk^e- ^ ^ g ^ 

tkontms celeus (Sphingidae). Courtesy Bur. 

Ent., U. S. Dept. Agric. ' morphosis is called hole- 

metabolous (whole 
change) development, or complete metamorphosis (Fig. 72). In 
some insects, notably blister beetles, strepsiptcrans, some species 
of neuroptera {M antispa), and a few parasitic wasps, the larva 
undergoes a development in which each instar differs from the 
preceding one. This development is known as hypermetamorphosis. 
The details of the changes are included in the discussions of the 
orders. 


mm 






tkontius celeus {Sphingidae). Courtesy Bur. 
Ent., U. S. Dept. Agric. ' 


Insect larvae. The larva is the second stage in the development 
of holometabolous iasects. While they are usually called “worms” 
such as “cabbage worms,” tomato worms, wireworms, chestnut 
worms, etc., they differ from worms in that they have fewer seg- 
ments and fairly well-developed mouth parts. They usually have 
eyes, a well-developed head, and legs or leg-like appendages. There 
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Fig. 73. Typos of larvae. A. Sawfly (Hymcnoptcra) ; B. Sawfly; C. Dig- 
ger wasp, Tiphia (Hymenoptera); D. Beet leaf beetle (Colcoptcra); E. Mos- 
quito (Diptera); F. Cocropia moth (Lepidoptcra) ; G. Black fly (Diptera- 
Simuliidae); H. Lace-wing (NeuTOptera.~Chrysopi(iae); I. Tussock moth 
(Lepidoptcra); J. Apple maggot (Diptera); K. Ground beetle (Coleoptera- 
Carabidae): L. Flea (Siphonaptera) ; M. Beetle, Colaspis brunnea (Coleoptera- 
Chrysomelidae); N. Weevil or snout beetle (Coleoptera-Rhyncophora) ; 
O. Prionid beetle (Coleoptera-Pnomdoe); P. Alfalfa looper (Lepidoptcra); 
Q. Scarab beetle {Colcoptcra-Scarabaeidae). From Metcalf and Flint, Funda- 
jnentah of Insect Life^ courtesy McGraw-Hill Book Co. 
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are numerous types of larvae, a number of which are discussed and 
figured on Fig. 73. 

The pupa. This is the so-called quiescent period in complete 
metamorphosis, during which time the insect undergoes its most 



Fig. 74. Types of pupae. A. Bollworm moth (Lfipidoptera) ; B. Tobacco 
worm moth (Lepidoptera) ; C. Alfalfa butterfly (Lepidoptera) ; D. Monarch 
butterfly (Lepidoptera); E. Beet leaf beetle (Coleoptera) ; F. Cherry leaf 
beetle (Coleoptera); G. Apple maggot (Diptcra); H. Lateral view of apple 
maggot; I. Mosquito (Diptera); J. Flea (Siphonaptera) ; K. Pear slug (Lepidop- 
tera); L. Lady bird beetle (Coleoptera); M. Hymenopteran. From Metcalf and 
Flint, FuvdarnerUah of Insect Life, courtesy McGraw-Hill Book Co. 

remarkable development. The pupal period is physiologically the 
most active period in the life of an insect. It is in this stage that 
the compound eyes, antennae, true legs, and wings are acquired. 
There are several kinds of pupae, such as those of the beetles and 
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hymenoptorous ins(K!ts in which the logs and wings are free (ex- 
arate — bcotl(\s); those which have the legs glued to the surface 
(obtected— L(^pidoptera); and those in which all appendages are 
confined within the pupal skin (coarctate — Diptera). 

While most pupae usually remain inactive, there are some pupae, 
notably those of mosquitoes and certain midge flies, which move 
about but do not feed. 

In quite a number of insects, the pupae are enclosed in cocoons 
of silk spun by the adult larva. This is especially true of most 
moths and many hymenoptera, while other insects use chips, 
mud, and other material in making cases in which to pupate. 
The silk of commerce is from cocoons of the silkworm, although 
the cocoons of Cecropia and Polyphemus moths are sometimes 
used. 

The cocoon is marvelously constructed so that the weak, newly 
developed adult or imago can eseai;)e from it. The caterpillar 
sornt^times provi(ies for this by wreaving a conical valve at one end 
(Promethea and Cecropia). In every other case whore no valve is 
mad(' the eiiK'rging form is equipped with toothed crests and hatch- 
ing spiiK's (Luna moth) or the adult (Poly])hemus moth) softens 
the end of the cocoon with liquids so that the threads may 
be easily forced apart. Some common i>upae are shown in 
Fig. 74. 

The adult or imago stage of insects. While these are discussed 
in coniu’ction w ith certain commoner insects, it is well to remember 
that the primary purpose of the adults is to produce o^^^spring. 
Most adults are short-lived, and many of them never feed. What 
strange forces of nature provide that so many forms spend 99 per 
cent of tluMr lives in immature stages? 

The size and color of adult insects is usually more or less con- 
stant, but temperature, food, and other factors effect variations 
wdiich are marked. Then, too, there are distinct sexual differences 
in some insc'cts w^hich are so pronounced that unless one is aware of 
them he might mistake male and female for different species. 
Where there are several broods in a season, each brood may be 
differcMit from the others. A common example of this is the cabbage 
butterfly (Fig. 123). 

Newly emerged insects are usually light in color, but inasmuch 
as chitin seems to be affected by oxygen, the color darkens con- 
siderably after a few hours. 
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The Orders of Insects ^ 

Thysanura (fringe tail). These are primitive, wingless insects 
represented by the “silver fish” or “fish moth” which is commonly 
found in dark places in ill-ventilated houses or under logs and 
stones outdoors. They are egg-laying insects but undergo no 

metamorphosis, the adults 
and young being alike ex- 
cept in size. Their mouth 
parts are adapted to chew- 
ing; in some species they are 
prominent, while in others 
they are sunken in the head 
and almost invisible. The 
divisions of the thorax arc 
not fused together, and are 
distinctly visible. There are 
two common families — 
M(whilidae, which is not 
found in houses, and Lepis- 
matidaey which is sometimes 
a serious household pest, do- 
ing considerable damage to 
carpets, clothing, and books 
(Fig. 77). 

Collembola (glue-bar). 
Minute whitish or blackish 

Fig. 76. A dragon fly. A. Adult; wingless insects differing from 
B. and C. nymphs. A., C. from Lutz, the Thysanura in that they 

FieUbook of Ins^, courtesy G. P. Pu^ jjave fewer abdominal seg- 
nam’s Sons: B. courtesy Gen. Biol. ^ , 

Supply Co. ments and possessing a 

springing organ on the 
fourth abdominal segment. They occur in damp places under 
stones and dead leaves as well as in the crevices of bark. They are 
most frequently seen on the surface of ponds where they are 
accidentally trans^rted, although they sometimes appear by 
thousands on the surface of snow. They are sometimes called snow 
fleas. Like the Thysanura they undergo no metamorphosis. 

^ It was not thought necessary to arrange the orders in an evolutionary sequence. 





THE INSECTS 


283 


Orthoptera (straight- winged). This order is sometimes called 
the “singing order,” and it includes the crickets, grasshoppers, 
katydids, cockroaches, walking-sticks, and mantids. These are all 
terrestrial insects with two pairs of wings that lie parallel to the 
body when at rest. The front wings are narrow and more or less 
thickened and stiffened. The hind Avings are large and fan-shaped 


and fold up beneath the 
front wings when at rest. 
All the members arc 
ovii)aroiis and undergo 
a gradual metamor- 
phosis. The mouth parts 
are adapted to biting 
and chewing. 

The order is, as a 
whole, a seriously inju- 
rious group, the iiiantises 
alone being beneficial. 
The wing differences, 
mn.sic-making, egg-lay- 
ing habit , and leg mod- 
ifications iiiak(' the order 
an interesting one. 

The r: rickets (family 
Gryllihi ■: ) constitute a 
variahh; group (Fig. 79), 
They are chiefly noc- 




turnal in their habits, 
and their dark color is 
of A’ahie in concealing 
them in the darkness. 
Thcii flattened bodies 


Fig. 76. The life history of the green June 
beetle (Cotinus nitida). A. Adult; B. Larva; 
C. Pupa in earthen cocoon; D, Pupa, After 
Chittenden, courtesy Bur. Ent., U. S. Dept. 
Agric. 


enable them to crawl under stones and other objects on the 
ground. The true crickets lack the flying hind wings and possess 
only the anterior wing covers, with which only the males sing. 
The females possess long ovipositors through which the eggs are 
deposited in loamy soil. 

While field crickets sometimes invade houses, the “cricket on the 
hearth ” of literature is usually a brownish exotic species. All are 
destructive to lace curtains, starched linens, book bindings, etc. 
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Crickets feed on vegetable matter and on other animals. Occa 
sionally they are cannibalistic and eat each other. As indicated 
✓ elsewhere, the ear drum is on the front leg 
\ / (Fig. 79). 

Jr The tree cricket {Oecanlhus) is a deli- 

jT cate, light green insect with darker legs. It 

^ > lives in flowers and in trees. The eggs are 

laid on stems, one species preferring the 
raspberry. Tree crickets sing in unison 
^ throughout the night. 

-I'lMr -- mole cricket (Fig. 79) is one of the 

I most curious of American insects. The 

I front tibiae are shaped like hands and are 

1 used for digging. The mole cricket feeds 

I on the roots of plants; and while not so 

Fig. 77. A fish moth generally distributed, they sometimes ap- 

{Thymnura). After How- great numbers, 

ard and Marlatt, courtesy . T. , m, 

U.S.Dept.Agric. even invading houses. The ^ A 

wings and antennae are 
short, and the insects are usually light brown 
in color. 

The grasshoppers are of two kinds — tlie short- 
horned Acrididae and the long-hori'.erl Trtlifjo- J 

niidae {Locusiidae) (Plate IX). v 

The t^ie locusts are short-horned gra.ss!ior]:o? Fic. 78. An enr- 
There are many species of locusts, and al! of 
them feed on plants, although they soniv^times After Lutz, Find- 
eat each other. The long horns include the false Insects, 

and true katydids, cone-headed and shield-backed Pu^nam's^Sona. ^ 
grasshoppers, and the cave crickets or camel 
crickets. The latter are wingless inhabitants of caves, woods, and 
cellars. The short-winged grasshoppers arc called “lubbers/^ 

The short horns include the migrating forms, such as the Rocky 
Mountain locust, which devastate the crops over large areas. 
Nearly all of them devour green plants; and the katydid and true 
crickets can be destructive by laying their eggs in the stems of 
plants. Some of the locusts have gaily colored hind wings. Some 
representatives of both families are shown on Plate IX. 

The walking-stick (Phasmidae) so resembles a twig that it 
usually escapes observation. It lives in the trees feeding upon the 




Plate TX. Long-horned and short-horned grasshoppers. 1. Sand-colored 
grassliopper {Sphiimgenwn holli), after Lugger; 2. Angle-winged cricket; 
3. Angle-winged cricket depositing eggs; 4. Xiphidiiun strictum; 5. Forked 
katydid (Scudderia Jurcata), after Lugger; 6. Meadow grasshopper {Orchelium 
vulgare), male and 7. female; 8 . Schiztocera nlulncea; 9. Dissoleria enrolim; 
10. Xiphidiumattenuatumj after Lugger; 11. Grouse locust {Tettigidea lateralis), 
after Lugger; 12. Common katydid {Cyrtophillus perspicatus), after Lugger; 
13. Round-winged katydid {A mhlycorgpfia rotunda); 14. Two-striped grass- 
hopper (Mela noplus vittatus); 15. MeUitioplus different ialis, after Riley; 16. 
Short-winged grasshopper; 17. Les.ser grasshopper; IS Red-legged grasshopper 
(Melanoplus femur rubrum). Courtesy 111. State Lab. Vat. Hist. 
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foliage. It is easily collected by placing open umbrellas on the 
ground and then violently shaking or beating the tree. Some 
tropical walking-sticks attain an enormous size, while others have 
leaf-like wings. 

The roaches (Blattidae) include an objectionable group contain- 
ing the household species, all of which have been introduced from 

other lands. The 



croton bug or Ger- 
man cockroach is 
the common brown- 
ish household pest 
which, with the 
Oriental roach, is 
now a cosmopolitan 
species. A large, 
almost black, hard- 
shelled roach fre- 
quently invades cel- 
lars through drains. 

The American 
cockroach is a very 
large, broad species 
that has been 


Fig. 79. Crickets (flryllidae). A. House cricket brought from the 
(GryUns domesticus); Female Gryllm; C. Front tropics in fruits, 
leg showing ear; D. Cricket’s musical apparatus; roonh 

E. Front leg of mole cricket; F. Mole cricket {Gryl- m ai a n 
lotalpa borealis). B, C, D, F. after Lutz, Fieldbook of or wood roach is 


Insects, courtesy G. P. Putnam’s Sons; A. after 
Herrick, E. after Sedgwick, from Hegner, Inver- 
tebrate Zoology. 


a flat, woodland 
species which is 
sometimes at- 


tracted to lights at night. It is not a household pest. All roaches 
are runners and flee from light. They feed upon dry animal and 
vegetable matter as a rule. Many tropical species are excellent 
fliers. Roaches deposit their eggs in oblong cases which they 
sometimes carry about with them until hatching time (Fig. 80). 

The praying mantis (Fig. 83) {Mantidae) is the only really 
beneficial member of the Orthoptera. It is more common in 
tropical and subtropical regions, although the large Japanese 
species is becoming generally distributed in temperate regions. 
The mantis with its spiny, grasping front legs is a destroyer of 
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Fig. 80. Roaches (Blattidae). A. 
Periplaneta americana; B. Croton bug 
(Blattella germanica) ; C. Egg capsule. 
After Lutz, Fieldbook of Insects, cour- 
tesy G. P. Putnam's Sons. 


caterpillars, grasshoppers, and other insects. The eggs are deposited 
in silken cases (oothecae) which are attached to the stems of 
plants. 

Isoptera (equal wings). Among the most interesting but most 
destructive of insects are the termites or white ants. In the spring, 
great swarms of winged, ant-like 
insects appear in cellars, on 
porches, and occasionally inside 
houses. After a brief sojourn 
which brings despair to property 
owners, the insects suddenly dis- 
appear, leaving only a myriad of 
wings as a record of their visit. 

In the hidden recesses of 
ivooden building supports, fur- 
niture, cabinets, flooring, unused 
books, and clothing, the 

termites establish their gigantic 
colonies numbering thousands of 
individuals. In these places they devour the inner parts of the 
material, leaving only the thin outer wall or shell which even in 
hard woods can be punctured with the finger. So concealed are 

the activities of the termites 
that tremendous damage is 
done before their presence is 
discovered. The spring; swarms 
indicate the presence • colo- 
nies, and it is then time co seek 
their hideouts and destroy 
them before they do an ir- 
reparable damage. Trees fall, 
buildings collapse, and other objects fall to pieces as the result of 
the depredations of these insects. 

While termites are extremely abundant in tropical regions, there 
are fifty-five species in the United States. Tropical forms are 
imported in materials, especially timber, brought from tropical 
regions. Termites reach the timber in buildirs:s sometimes through 
subterranean channels, while others are in the wood used in 
construction. 

Termites are primitive insects more closely related to the 



Fig. 81. A wingless grasshopper or 
cave cricket {Ceulhophilus). After 
Lutz, Fieklbook of Insects, courtesy 
G. P. Putnam's Sons. 
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roaches than they are to the ants with which they are frequently 
confused. While their food consists mainly of wood, they will 
devour almost anything of an organic nature, such as paper, cloth- 
ing, and even straw hats. 

Termites arc blind, and they usually construct tunnels or cov- 
ered runways to shield themselves from the light when they arc 
working on the surface of objects. In South America and Africa 
they make huge nests which are sometimes twenty feet high. The 
nest is made of chewed material and is similar in texture to papier 
mach4. When they have runways on trees, they are always can- 
opied; and one species which is abundant in the Amazon country 



builds rain-shedding galleries 
on the trunks of mora tree's. 

The termites hav(> one of 
the . most remarkabk^ social 
organizations ever conceived, 
being superior to those of ants 
and bees which are much 
more complex from thr stand- 
point of anatomical makeup. 
In the colony there are four 
principal kinds of individuals 
(Fig. 82). These tyi)es are 
known as caste's, and there 


Fig. 82. Termites or white ants. 
A. Queen; B. Young winged female; 
C. Worker; D. Soldier. After Marlatt, 
courtesy U. S. Dept. Agric. 


are modifications of the chief 
castes. The kinds are: (1) 
workers y which an' l)y far the 
most numerous individuals in 


the colony. While? the worker of a bee or ant is always a female, the 
worker termite may be either sex, although the sexual organs remain 
undeveloped. The workers make the nest, provide food, feeel and 
care for the young and the royal pair, and attend to other duties in 
the colony. There is sometimes considerable variation in the 
worker caste. (2) The soldiers may b(? either male or female also; 
but they too have undeveloped sex organs. The head of the soldier 
is extremely large, and it bears a pair of well-developed jaws. The 
soldiers are the detenders of the colony. (3) The winged males and 
(4) females, which constitute the swarms already refern'd to, are 
sexually mature. The swarm represents the nuptial flight during 
which mating takes place. After mating the wings break off along a 
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special suture provided for that purpose, and the pair enters a 
burrow to begin a new colony. This mating pair are the king and 
queen. After establishing themselves, the queen becomes enor- 
mously large, being many times larger than other individuals. 
The qu(Hni may live for many years, and she is capable of laying 
eggs at the rate of sixty per minute for long periods of time. The 



Fifj. S3. The pniying mantis. Courtesy U. S. Dept. Agric. 


king and qiUM'ii are fed by workers. The greatly exaggerated body 
of the queen makes it impossible for her to move about. 

Associated with termites are sevc'ral other animals, mostly 
insects, which luivc? various relationships with their hosts, mostly 
symbiotic and commensal. These are called termitophiles. The 
termites sometimes carry the guests about. 

Termites may be distinguished from ants by their lack of the 
slender petiole or waist that joins the thorax and the abdomen. In 
other words, the termites are broad-waiste* - while the ants are 
narrow-waisted. The antennae of termites are like tiny strings of 
roundish beads, and a pair of abbreviated cerci are usually present 
on the abdomen. 
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The termites undergo a gradual metamorphosis (paurometabo- 
lous). 

Plecoptera (plaited wings). This order includes the stoneflies 
which were discussed in the chapter dealing with animals of the 

. ^ - _ streams. The stoneflies 

^ ^ have four wings, the an- 

\ I ^ % terior being smaller than 

wings which are 

\ ^ J Vmt.’ folded in plaits when at rest. 

^ mm metamorphosis is di- 

% ^ rect; the antennae are fili- 

^ ^ ^ form; the mouth parts are 

‘ adapted to chewing; the 

^ 7>^ abdomen with a pair of 

^ jointed bristle-like append- 

I y (cerci) ; the adults have 

tracheal gills (set; Water in- 
% sects). The larvae, naiads, 

% \ or nymphs are thysanuri- 

\ form and aquatic, living in 

\ ^ - swift water. The adults 

® . are aerial and nocturnal. 

^ They are attracted to lights 

at night and rest by day 
^ on the vegetation along the 

stream (Fig. 42). 

EphemeropteraorEphem- 
erida (a May fly). The 
adults are aerial insects with 
WBf four delicate membranous 

\MSm wings which are triangu- 

Fio. 84. The black peach aphis (Ho- lar in outline. The front 

moptera^Aphididae). From Farmer's BuU. wines are much the larger. 

1128, courtesy U. S. Dept. Agric. rr«, . , . 

o rpj^g mouth parts are ves- 

tigial, and the abdomen usually carries two or three long thread- 
like appendagesij^. In some species the eyes are divided. The 
larvae, nymphs, or naiads are all aquatic and live in ponds or 
streams according to the species. The metamorphosis is com- 
plete. The May flies are discussed under stream animals 
(Fig. 42). 
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Odonata (a tooth). These are the dragon flies and damsel flies. 
The former are sometimes called “devil’s darning needles,” “mos- 
quito hawks,” “snake feeders,” “snake doctors,” or “hell-borers.” 

The dragon flies have prominent eyes which are convergent or 
almost touching each other on the top of the head. They have 
four membranous wings which are held horizontally when at 
rest. The hind wings are broader at their bases than are the fore 



Fio. 85. Tlie black peach aphis. Antennae enlarged to show sensitive 
pits. From Farmer’s Bull. 1 128, courtesy U. S. Dept. Agric. 

wing.s. The mouth parts arc adapted to chewing, and the legs 
fold to form a ‘‘basket” in which captured food is carried. 

There are two principal families of the dragon flies —LibellulidaCy 
to which most of the commoner species belong; and Aeschiiidae, 
which includes the largest dragon flies (Fig. 31). 

The damsel flies (Fig. 32) are delicate insects resembling vi .agon 
flies but usually much smaller. The four wings are nearly equal 
in size and shape. The eyes are globular, opaque, and oivergent. 
There are two principal families of damsel flies. AgrionidaCy the 
broad-winged damsel flies, include the blue, purple, and metallic 
species such as the green-bodied, smoky-winged damsel flies com- 
monly seen along woodland streams. Coenagrionidae includes the 
narrow-winged, less conspicuously colored species. The general 
structure, life history, and habits are similar to dragon flies. All 
are aquatic in the larval or nymphal stages. Many weird super- 
stitions resulting in a general fear of these i -agnificent and ben- 
eficial insects are entirely unjustified. The bases of speciation 
are wing venation and external genitalia. Needham’s Handbook 
qf Dragonflies is probably the most complete available work for 



Plate X. Bugs (Hemiptera). 1. Stink bug, Stiretnis anchorage {Penta- 
tomidae), after Riley; 2. Tarnished plant bug, Lygus pratensis (Lygaeidae); 
3. Plant bug, Acanthoceron galeaior; 4. Ambush bug, Phymaia fasciatn {Phy- 
matidae), after Riley; 5. Stilt bug or red-legged bug, Jalysus spinosua (Neididae), 
after Lugger; 6 . Mmdocha serripes {Lygaeidae); 7. Stink bug, Emchialia vario- 
larius {Pentatomidae)^ from Hegncr, Invertebrate Zoology; 8. Leaf-footed bug, 
Leptoglosftus opponitus {Reduviidae), after Chittenden; 9. Negro bug, Thyreo- 
coris pulicarius (Pentatomidae); 10. Black pirate, Melanolestes ptcijiea (Reduuii- 
dae); 11. Large milkweed bug, Lygaem kalmii {Lygaeidae), All, except 8, 
courtesy 111. State Lab. Nat. Hist. 
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determining species of nymphs. The Field Book of Insects by Lutz 
and The Insect Book by Howard are probably the most available 
for the identification of adults. 


Psocoptera or Corrodentia (gnawing teeth). The book lice are 
very small, whitish, soft-bodied insects found among old papers 


and books in damp places. 
They have four membranous 
wings, the front ones Ix'ing 
the larger. The mouth parts 
are formed for chewing. The 
book lice undergo a gradual 
metamorphosis. 

Neuroptera (nerve;- winged). 
The neuropterous insects 
have two pairs of large, mem- 
branous ^vings. ''llie mouth 
])arts are nv^itr’^'ulate, and 
tlu; antennae are long. Among 
the nerve-winged insects are 
to l)e found a f(‘w remark- 
able forms such as the dobson 
fly [Corijdalidae) (Fig. 43), 
ant lion {Myrrneleotiidae) 
(Fig. 1)1), alder flies (Sialidae) 
(Fig. 29), and lace-wing 
(Chrysopidac) (Fig. 68). The 
dobson and alder flies are 
discussed under Aquatic ani- 
mals. 

In sandy regions one fre- 





quently sees small, conical 
pits excavated in the dry and 
finer sand. Usually these pits 
are in the shelter of plants 


Fig. 86. The woolly aphis on an ap- 
ple twig (I-Tonioptora-Ap/»V7/rfae). From 
Fanner’s Hull. 1128, courtesy U. S. 
Dept. Agric. 


or buildings vrhere they are protected from tlio rain; but not 


infrequently they may be seen in open places. These excava- 
tions are made by the ‘‘ant lion,” a v^^’v predaceous lai\a 


that remains concealed under the sand in tlic bottom of the pit 


(Fig. 91) waiting for some luckless ant or other insect to descend 
into it. The unwary insect that does enter the pit seldom leaves 
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it. The steep sides of loose sand preclude escape; for when the 
unfortunate victim attempts to crawl out, the loose sand slides 
beneath it, and to make escape impossible the larva begins to 
throw sand violently from the bottom causing a veritable land 
slide which carries the entrapped creature to the bottom where 

it is immediately seized by the 
powerful jaws of its enemy and 
quickly dragged out of sight. 

When mature the larva pupates 
within a round cocoon which looks 
like a small marble of sand. The 
adult is a gauzy-winged, aerial in- 
sect that, in a way, resembles a 
damsel fly. It is easily distin- 
guished by its short but promi- 
nent antennae which are lacking in 
damsel flics, and its more or less 
uncertain flight. 

The lace-wing {Chrysopa) (Fig. 68) 
is a very common neuropterous in- 
sect attracted to lights at night or 
it may be taken in great numbers 
by sweeping the low vegetation in 
summer. It has transparent, opal- 
escent, many-veined wings, golden 
eyes, and a nilo-green body which 
has a characteristic and rather of- 
fensive odor. Once handled, it will never be forgotten. The re- 
markable habit of placing the eggs on hair-like stalks has al- 
ready been described. 

Mallophaga (wool eater). The biting bird lice are very small, 
parasitic, wingless, chewing insects usually found on birds but 
occasionally infesting other animals. 

Thysanoptera (fringed wing). The thrips are small, dark, 
elongated insects with tapering abdomens which they raise men- 
acingly as thou^ they possessed stings. They are found in flowers, 
and the breaking apart of daisy heads usually reveals many of 
them. Winged species frequently appear on one’s hand, coming 
apparently from nowhere. The tarsi are swollen and bladder-like, 
and formerly the insects were called Physopoda, which means 



Fig. 87. The saliva nest of 
the spittle insect or frqghopper 
(Cercojndae). Courtesy Bur. 
Ent., U. S. Dept. Agric. 



THE INSECTS 


295 


balloon-footed. Thrips are responsible for considerable damage to 
crops, especially to onions on which their piercing or sucking mouth 
parts form black spots. This seems to be a feminine group since 
no males have ever been found. 

Anoplura or Parasita (parasites). The true lice include body lice, 
head lice, crab lice, and other species parasitic on animals. They 
are degenerate, minute insects lacking wings but having bodies 
modified for clinging to their hosts (Fig. 6). 

Dermaptera or Euplexoptera (well-folded wings). The earwigs 
are beetle-like insects which are readily identified by the prominent 



Fig. 88. Homoptera. A. Tree-hopper (Memhracidae); B. Leaf-hopper 
(Cicadellulae); C. Spittle insect {Cercopidae). From Hegner, Invertebrate 
Zoology, 

pincers or forceps on the posterior end of the body and by their 
short, horny wing covers. The earwigs are mostly southern, where 
they may be a serious menace to growing plants. Some of them 
eat other insects, while still others feed upon decaying iraterial. 
The eggs are laid in the soil, and the mother stands gua' over 
them until they are hatched. The metamorphosis is gradual, 
the young being called nymphs (Fig. 78), 

Mecoptera (long-winged). The scorpion flies are wasp-like insects 
which are common in most regions. The name is applied to the 
order because certain males have an upturned, swollen tip on the 
abdomen. The insects have four long, narrow, membranous wings 
with numerous cross veins. The antennae are long and slender, 
and the mouth parts are adapted to chewing. The larvae are 
caterpillar-like, but these may be distinguished from the Lep- 
idoptera by their eight pairs of prolegs. The pupae have the wing 
cases and leg cases free from the sides of the body. The adults 
may be taken by sweeping the dense grasses in damp places. 
They bear a superficial resemblance to certain wasps (Fig. 90). 
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Trichoptera (hairy- winged). The caddis flies are moth-like 
insects with extremely long antennae and four very hairy wings 
which are held along the body in a sloping position on the sides 
when at rest. The eggs are laid in the water in strings or masses 
under stones. The larvae are worm-like, and these construct curi- 
ous cases of sticks, stems, leaves, pebbles, or sand in which they 
live and pupate while in the water. There are many species of 
caddis flies, and each kind builds its own characteristic case which 
is carried about. During the day the adults rest upon the foliage 
along a stream or about a pond. The metamorphosis is complete. 

The caddis flies are discussed 

« under Water life. 

Some cases of caddis flies arc 
shown in Plate I. An adult is 
shown in Fig. 42. 

Siphonaptera. The fleas con- 
stitute a small, well-defin('d or- 
der; and they have no close 
relatives. All of them are wingless, 
and all of them, in tlioir adult 
stages, are external parasites 
on warm-blooded vertebrates. 
The body of the flc'a is hard, 
laterally flattened, and covered 




backward-pointing hairs and 
Fio. 89. A laoe-bug, Corythuca stout spines. The legs are long 

aTS. Art""™" <*"'* Tl’o 

coxal s('gment is usually the 
most prominent one. Many of the fl(?as are totally blind, while 
some of them have simple eyes. The mouth parts are adapted 
for piercing and sucking, and the three thoracic sogiiK'nts 
are separate and distinct. The antennae are very short. The 
fleas undergo a complete mctamori)hosis. The eggs hatch into 
twelve-segmented, slender, cylindrical, legless and eyeless, whit- 
ish, maggot-like larvae with chewing mouth parts. The larva 
pupates withiiiiia cocoon. The order includes the well-known fleas 
of dogs and cats which are frequently of annoyance to humans. 
The chigger flea or chiggoe of the South, which penetrates the 
skin of humans and develops a large, painful swelling, especially 
on the feet and under the toe nails, belongs to this order, as does 
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the sticktight flea which infests chickens and other domestic 
fowl. Fleas are the carriers of the dreaded bubonic plague. Rats, 
mice, rabbits, squirrels, and many other animals may have fleas. 
The human flea {Pulex irritans) is also common to domestic 
animals (Fig. 6). 

Lepidoptera (scaly-winged). The moths and butterflies, because 
of their brilliancy, constitute the most picturesque of all insect 
groups. Next to the beetles it is the largest order of insects in the 
world. The broadly expanded, noii-collapsibh* wings which are 



Fig. 90 . Scorpion flies (Mecoptera). a. BittacuHj lateral view; b. Panorpa, 
dorsal view. From Kellogg, American Inaecla, courtesy Henry Holt and Co. 


covered with dense, flattened hairs or scales, most of which are 
brightly colored, make the members of the group easy to identify, 
as far as the order is concerned. The powdery material which 
covers the upper and under surfaces of the wings in both the moths 
{Heterocera) and the butterflies (Rhopalocera) is usually a i . vriad 
of overlapping, sac-iike scales which give the order its name. 
Under magnification the scales are seen to represent a wMe diver- 
sity of form. In the lower members of the order the scales are 
irregularly distributed over the wings, but in the higher individuals 
the scales are arranged in perfect rows. 

The scales serve to strengthen the delicate membranous wings 
which are almost transparent when the scales are rubbed off. The 
broad wings of most species preclude rapid flight; and those which 
do fly swiftly such as the hawk moths or sphinxes have narrow 
wdngs. The scales on the wings are modified hairs, and they are 
specializations of hairs similar to those on the wings of the caddis 
flies, to which the Lepidoptera are related. 

While most moths and butterflies are born and reared on land, 
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there are a few which undergo a part of their life history in water. 
As a group, the Lepidoptera must be considered as harmful. In 
the adult stage, both the moths and butterflies perform a valuable 
service in cross-pollinating flowers. This is esnccially true of the 
moths which are the chief pollinating agents in night-blooming 
flowers. However, the caterpillars of practically all species are 
plant eaters, and some of them are among our most destructive 

insects. The corn worm, the bag- 
worm, the cabbage and tomato 
worms, the European corn borer, 
army worm, tent caterpillar, and 
the cutworms are all Lepidopter- 
ous larvae. These, with scores of 
others, constitute a constant men- 
ace to growing plants. The gypsy 
moth, brown-tailed moth, the 
tussock moth, and numerous 
others are very destructive to 
shade trees. 

However, there are a few bene- 
ficial kinds such as the slug-like 
larvae of the Lycaenidae, a fam- 
ily of small butterflies known as 
the blues and the coppc'rs. The 
larvae of these are flattened. 
Fig. 91 . The ant lion (adult) and slug-like, and carnivorous. They 
larva in its pit. (Neuroptera). prey upon plant lice. But of the 
From Lutz. Fieldbook of Insects, j r • r ^.i j 

courtesy G. P. Putnam’s &ns. thousands of species of moths and 

butterflies to be found in the 
United States, these are the only ones that are rcaiiy oeneficiaL 
Of course, there are some which feed upon weeds; and these un- 
doubtedly help to keep some noxious plant pests in check; in 
this capacity they may be considered as beneficial. 

Butterflies may be distinguished from moths by rather obvious 
differmces. The antennae or feelers of butterfli{'s are thread-like^ 





and always knoteed or clubbed at their distal ends. The antcainao 
of moths may also be thread-like, but they are n(*\ er kiKibbed or 
clubbed. In moths the antennae are usually fcathc^ry or phimosf'; 
and, as a rule, the male antennae are much more plumose than 
those of the female. The bodies of moths an* usually larc:ef ie 
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proportion to the wing spread, and they are much more hairy 
than those of butterflies. The skippers (Hesperiidae) are excep)- 
tions to this difference. When at rest, the butterflies hold their 
wings erect with the up- 
per surfaces opposed, """ 

while the moths hold their 
wings horizontally ex- 
tended or they allow them 
to rest on the back. 

Butterflies are diurnal; 
that is, they are active 
during daylight hours; 
while most moths are 
nocturnal in their habits, 
although there are nu- 
merous exceptions. As a 
rule, moths opm ei)coons 
of silk in which the cat- 
erpillars pupate, although 
some moths such as the 
tomato worm moth 
(Sphinxes) pupate in the 
ground, and tliey there- 
fore have no cocoons, 
the pupa being naked. 

The butterflies do not spin cocoons but pun;Hc in naked, 
chrysalids (Fig. 71). 

All of the Lepidoptera undergo a complete metamorphosis, the 
eggs hatching into worm-liko caterpillars which oat \oraciously 
and build up reserves of fatty tissues to nourish them while in 
the pupal stage. The caterpillars are usually equipped with 
well-developed mouth parts and functional eyes. They are some- 
times formidable-looking creatures (especially the larvae of the 
royal walnut moth, the puss moth, and the Cecropia), with long 
hairs, spines, and eye spots; but there are only a few common 
kinds which are unsafe to handle. Among these are the lar^'ae 
of the lo moth, the oak slug caterpillar, : ? saddle-back cater- 
pillar {Sibine stimulca) (Fig. 70). There is some evidence to show 
that the larvae of the ‘^w^oolly bear” moths {Arctiidae) arc also 
irritating. On these caterpillars there are brittle, penetrating hairs 



Fig. 92. The promethea moth, Callosamia 
promethea (Salurriiidne). A. Female; B. 
Male. 
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Fig. 93. The polyphemus moth, Telea 
polyphemiLs (Saiumiuiae). 


which on some species, such as the lo and saddleback caterpillars, 
are poisonous. Such wicked and formidable-looking caterpillars 
as the hickory horned devil (Fig. 94), the puss moth larva (Fig. 19), 
and the Cecropia caterpillar (Fig. 73 F) are perfectly harmless 

and can be handled with 
impunity. Caterpillars 
shed their skins from time 
to time as they grow 
larger, and when they ma- 
ture, they pupate. The 
imago or adult develops 
within the pupa. The 
adult moth or butterfly is 
a short-lived creature, as 
a rule; and its sole pur- 
pose is usually to mate 
and reproduce. Many of 
them such as the Cecropia have no well-developed mouth parts and 
therefore never feed. There are many others, however, which do 
have well-developed mouth parts. In most cases of moths and 
butterflies the mouth consists of a coiled sucking tube through 
which nectar is drawn from 
flowers (Fig. 111). 

In general, the moths 
and butterflies winter in 
the pupal stage, although 
the “woolly bear” cater- 
pillar frequently passes the 
wdnter in the larval stage. 

It may be found under 
stones and other objects on 
the ground, either naked or 
encased in a flimsy cocoon 
during the cold months. 

The woolly bear^is the chubby brown-and-black caterpillar that 
one frequently sees hurrying across the road late in the fall as 
though it were afraid that cold weather would overtake it before 
it reached a haven of safety. The mourning cloak butterfly (Aglais 
antiopa) (Fig. 122) winters in the adult stage, hiding in some pro- 
tected crevice during bad weather. It is not uncommon to see 



Fio. 94. The imperial moth, Basilona im~ 
perialia (Satumiidae), After Felt, courtesy 
111. State Lab. Nat. Hist. 
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the mourning cloak (also called the Camberwell beauty) flying 
about when warmer breaks occur in winter months. 

There are frequently vast differences in color between males 
and females among both moths and butterflies. In some kinds 
such as the tussock and bagworm moths, the females are wingless. 
Sometimes these differences are so great that the sexes may be 
mistaken for different species (Pig. 55). In the species that have 
several broods in a season, there are usually distinct differences 
between the generations; and these, too, may be taken for different 
species. 

There are so many kinds of moths and butterflies that a com- 
plete discussion of them would be too voluminous for inclusion 
here, and the student is referred to the literature appended to this 
chapter for further information regarding them. 

There are five common families of butterflies. The skippers 
{Hesperiidde) (Fig. 115) are quite different from the others in 
that they have ihickset bodies similar to those of some moths. 
Their antennae are set wide apart, and they are recurved or hooked 
at their tips. The caterpillars of the skippers have a constriction, 
resembling a neck, back of the head. 

The swallow tails {Papilionidae) (Fig. 116) are the largest of 
our native butterflies. They include such very common species 
as the black swallow tail which foods upon wild carrot {Papilio 
polyxenes), the tiger swallow tail {Papilio turnus), the dutchman^s 
pipe vine swallow tail {Papilio phiUnor), the spice bush swallow 
tail {Papilio troilus), and the beautiful Parnassius which is found 
only at oxtreinoly high elevations. Incidentally, the memljors of 
the latter genus are found above ten thousand feet on practically 
all mountains in the world, and the various kinds from the Orient, 
the Alps, the Andes, and the Rocky Mountains are quite similar 
in appearance to the amateur. 

The family Pieridae includes the cabbage butterflies (Fig. 123) 
and the sulphurs which are shaped like the cabbage butterfly but 
with a beautiful yellow or orange coloration. They range in size 
from one and one-half to two and one-half inches. 

The Nymphalidae includes such common butterflies as the mon- 
arch (Fig. 15), the mourning cloak (Fig. 122), the viceroy (Fig. 15), 
the wood nymphs (Fig. 125), the red admiral (Fig. 121), and the 
silver spots (Figs. 117-118). They attain a maximum size of not 
over four inches. The family is sometimes referred to as the 




Plate XI. Some common beetles. 1. Twig pruner {Elfiphidion 
villosum); 2. Banded hickory borer {Chion cinctus); 3. Parandra 
hrunnea^ after Snyder; 4. Neoclyius up,; 5. Elm borer (Saperda trid^- 
tata); 6. Xylotr^m colonus; 7. Epicauta vittafxi; 8. Cyllene rohiniae, 
after Hopkins; ^Chestnut weevil, after Brooks. 1., 2., 4., 5., 6. cour- 
tesy 111. State Lab. Nat. Hist.; 3., 7., 8., 9. courtesy Bur. Ent., U. S. 
Dept. Agric. 


302 



THE INSECTS 


303 



Fig. 95. The cecropia moth, Sarnia 
cecropia {Satumiidae). 


Some common 


four-footed or brush-footed butterflies because in the adults the 
front legs have degenerated so that they do not appear as legs; 
and only four legs arc func- 
tional. 

The Lycaenidde includes 
the hairstreaks, the copp(n-s, 
and the blues. Tlic'y ani 
mostly small, ranging from 
one-half to one and oiuvhalf 
inches. Brown is the pre- 
dominant color in this group, 
although some of them are 
blue. The caterpillars are 
slug-like; and one carnivo- 
rous species which resembles 
a monkey's skull feeds upon the woolly aphis, 
species are shown lu Fig. 124. 

Butterflies are found wherever flowers grow. Some species keep 
pretty well in the woods, but most of them are in the open, visiting 

tlu‘ highly colored flowers on sunny 
days. At night and during rains 
they rest, usually on the undersides 
of leaves. Sometimes they collect 
in numbers about mud puddles, 
and some species congregate in 
thousands, probably for mating 
purposes. The writer onci^ saw 
thousands of heliconid butterflies 
assembling on a large bindweed in 
the Amazonian jungles. It was re- 
markable that they could find a 
common meeting place in the dense 
forests where vision is hardly possible beyond fifty or a hundred 
feet and where there is not an abundance of light. However, 
these butterflies, species of which are to be found in the United 
States, have tufts of glandular hairs on the sides of their ab- 
domens. These emit a ‘‘perfume" which is recognized by others 
of their kind, and it is probable that they are guided together by 
the sense of smell. 

Some of our native butterflies, notably the monarch or milkweed 



Fig. 96. The luna moth, Ao- 
tias luna (Satumiidae), 
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butterfly (Donats), congregate in great numbers and migrate in a 
manner similar to birds. ;The writer once collected this species 
in South America. 

There are twenty-eight families of moths, many of which are 
quite common. They range from tiny clothes moths to the huge 






{4 


Fig. 97. Leopard moth, Zeuzera pyrina (Coasidae), 

Courtesy Bur. Ent., U. S. Dept. Agric. 

emperor or Cecropia which is very common in the spring. In 
South America and in Africa there arc moths with a wing spread 
: ^ of nine inches. 

Some of the common families 
are: the clothes moth 
dae); the leaf rollers (Tortrici- 
dae); the snout moths {Pyrali- 
dac) of which the European 
corn borer is an example; the 
hawk moths or sphinxes {Sphin- 
gidae) to which thysbe (Fig. 
103), the tomato worm moth 
(Fig. 106), the grape vine moth 
{Amphion nessus) (Fig. 108), 
and numerous others belong; 
the tussock moths {Lymantrii- 
dae) (Fig. 108); the tiger moths 
(Arctiidae) to which the hick- 
ory tiger moth (Fig. 108) be- 
longs; the royal moths (Cith- 
eroniidae) including the royal 
walnut moth (Fig. 109); the 
clear-winged moths (Aegeriidae 
or Sesiidae) which includes the peach borer (Fig. 110); the 
measuring worm or canker worm moths (Geometridae ) ; the prom- 


B. 

Fig. 98. Adult moths of the apple 
tent caterpillar, Affdacosoma arneri’- 
cana (Ldparidae). A. Male; B. Fe- 
male. After Quaintance, Farmer’s 
Bull. 662, U. S. Dept. Agfic. 
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inents {NadaJta — Noiodontidae) (Fig. 108); the cutworm moths 
{Arctiidae)^ the most destructive family and the one to which 
the corn ear worm belongs; the 
carpenter moths {Cossidae) which 
includes the leopard moth (Fig. 

97), the larva of which bores in- 
to the stems of twigs; the tent 
caterpillar (Lasiocampidae) in- 
cluding the apple tent caterpillar 
(Fig. 99); the bagworm moths 
{Psychidae) (Fig. 100) ; the flannel 
moths (Megalopygidae); and the 
giant silkworm moths (Saturnii-- 
dae). To the last-named family 
belong some of our largest, most 
beautiful, and most colorful spe- 
cies, such ab I'oiyphnmis (Fig. 93), 

Cecropia (Fig. 95), Promethea 
(Fig. 92), and Luna or pale em- 
press of the night (Fig. 96). 

Coleoptera (sheath wing). The 
beetles are the most abundant of 
the insects in point of species, 
there being about 70,000 species 
in North America alone. Further- 
more, they exhibit a more extensive adaptive radiation than any 
other group. Numerous species, such as ladybugs, potato 'beetles, 

asparagus beetles, flea beetles, 
and May Ix^etles (“June bugs”) 
are found in gardens. The 
whirligigs live on the surface of 
ponds and streams, while there 
are a great many other kinds, 
including the predaceous diving 
bc'etles and the water scaven- 
gers, which live in the water. 
Carpet beetles {Derrmstidoe) and 
meal-infesting forms (Tenehrio 
molitory Triholium confusum^ Sitodrepa panicea) are common 
.household pests. One form is parasitic on the beaver, while hun- 



■f 



Fig. 100. Cases of the bag worm 
motti, Thyridopteryx ephemerae- 
for mis (Psychidae). Courtesy Bur. 
Ent., U. S. Dept. Agric. 



I 


Fig. 99. The apple tent caterpillar. 
Courtesy U. S. Dept. Agric. 
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dreds of species are to be found on the ground, in plants, and in 
logs. In fact, one can find beetles everywhere, day or night. 
They range in size from almost microscopic forms to the gigantic 

hercules and goliath beetles of 
South America and Africa. 

' ^ » While most beetles have hard 

and brittle outer wings (sheath 
wings or elytra) and exoskeletons, 
there are numerous forms such as 
the firefly or lightning bug {Lam-- 
pyridae)f the blister beetles {Melo~ 
iddc), and some of the short-winged 
carrion forms {Staphylinidae) which 
are comparatively soft. 

Beetles can easily be distin- 
guished from other ins(»cts by the 
fact that the front or outer wings 
(el3rtra) meet so as to form a 
straight line down the middle of the 
back. This is also true of the earwigs, 
only the pincor-like structures on 
the end of the abdomen in th(^ latter 
make them readily distinguishable. 
The antennae are quite variable but characteristic for families. 

Some of our most interesting larvae arc the young of the beetles. 
Among these are the glow ^yorms, which are the wingless females 
of certain species of fireflies; 
the water penny, the most 
curious beetle larva known, 
which is found attached to 
stones in streams and which 
is the young of the brook 
beetle; the wireworms which 
grow up to be click or snai>- 
ping beetles; the ‘‘chestnut 
worm^^ vrhich grow^^p to be 
a small, brownish, snout beetle; the “white grubs” in the soil of 
fields and gardens which are young June bugs; the water tiger, 
which is the young of the diving beetle; the aquatic Ilelodidae; and 
numerous others. 


B. 


’ Fig. 101. The io moth, Auto- 
meris io (Saturniidae), A. Male; B. 
Female. 



Fig. 102. The rose underwing, Cato- 
caUi cara (Noctuidae). 
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On the whole the beetles are destructive, but there are some 
very valuable kinds to be found among them. 

There are numerous families of beetles, and there is a wide varia- 
tion of habits within each family. Space permits the mention of 
only the most common and spectacular forms. The student is 
referred to the references at 
the end of the chapter for 
further details. 

The ground beetles (family 
Carabidac) are, as a rule, 
beneficial. They are the black 
or brownish long-legged forms 
found under objects on the 
ground. They arc active at 
night, and they arc usually 
predaceous, feeding on other 103. The hummingbird moth, 

insects. While most of them '^J'*** {Sphingidae). 



are inconspicuous, there are three rather common highly colored 
species which warrant discussion. 

The fiery hunter (Calosoma calidum) (Fig. 130) is a rather large 
beetle with rows of reddish-gold pits on the outer wings. The 

‘‘lion beetle (Calosoma scru~ 
tator) is a large green ground 
beetle with a purplish border 
on the elytra. Both of these 
destroyers of caterpillars. 
djU* The bombardi(T beetle (Bra- 

cliinus f limans) is a medium- 
sized beetle with bluish elytra 
Fig. 104. The waved sphinx, Cera- and reddish head and thorax. 

towia Ufidulom (Sphingidae). originator of gas war- 

fare; and when disturbed it violently ejects a spray of noxious gas 
to discourage its captor. It is found under objects on the ground 
in both woods and open fields. 

The tiger beetles {Cicindelidae) (Fig. 129) arc the shining green 
forms that abound on hot sands and stones in summer. As one 
walks along, the tiger beetles fly a short distance ahead and alight, 
always turning to face the approacher. They are predaceous; 
and being excellent fliers and runners, they overtake their victims 
find pounce upon them in tiger-like fashion. 


Fig. 104. The waved sphinx, C era- 
tow ia midulosa (Sphingidae). 
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The longhorns (jCerambyeidae) comprise many species, most of 
which are wood borers. The antennae are very long, being fre- 
quently several times the body length. Many of them produce a 
singing noise when caught. Among the commoner forms are the 



Fig. 105. Tomato worm hawk moth, Phtegethonlius 
Carolina (Sphingidae). 


i\- 



1 


milkweed beetle {Tetraopes tetraophthalmus)^ which is a small, 
reddish beetle with black spots on the elytra and thorax; and our 

largest beetle {Prionus 
laticollis) (Plate XII, 
Fig. 14), which may 
reach a length of two 
and one-half inches. 

The click beetles 
(Elateridae) arc the 
adults of “wireworms,’' 
and nearly all are wood 
borers. The eyed elater 
{Alaiis oculaius) is our 
most conspicuous form 
(Plate XII, Fig. 3). The click beetles are so named because of 
the clicking noise produced by rubbing the pronotum against the 
mesonotum. 

The stag beetles {Lvmnidae) are formidable-looking beetles 
which are sometimes called pinching bugs (Fig. 127). The jaws 
of the male are ftrger than those in the female, and frequently 
males engage in bitter combat over the attentions of a female, who 
sits nonchalantly watching the battle, ready to accept the victor. 

The lady bugs or ladybird beetles {Coccinelidae) comprise a 
group known to every boy and girl who sing, ‘‘ Lady bug, lady 


Fig. 106. The chersis sphinx, Hyhicus chersia 
(Sphingidae), 
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bug, fly away home,” to them. The ladybird beetles are mostly 
predaceous, feeding on plant lice in both the adult and larval 
stages; and both stages are usually found in abundance where 
plant lice abound (Plate XIII, Fig. 9). 

The scarabs (Scarabaeidae) comprise a very large group of diverse 
beetles which exhibit a great deal of variation in form and habit. 
Among these are the rose chafer (Macrodactylus subspinosus), the 
tumble bug (Canthon laevis), the May beetle or June bug (Lach- 
nostema fused), the grape 
vine beetle (Pelidnota punc- 
tata) (Plate XII, Fig. 2), 

and myriads of others. ; 

Of thcHo the tumble bugs 1 

are most interesting with V \ - 

their habits of carefully mak- V , 

ing spherical balls of dung 
which thc3" roll their ^ 

burrow.s and re.shape, finally (Sphi^idae). 

laying their eggs in them. 

It will bo not(Hl that the anterior margin of the head is so shaped 
that it can be used as a spade in separating desirable quantities 
of dung from the mass. The tumble bugs show some remarkable 
adaptations which are worthy of discussion. The tarsi on the fore 
legs are usually wanting, and the distal ends of the tibiae are 
toothed. 


Fig. 107. The striped sphinx, Deilephila 
lineata (Sphingidae), 


Th(' teeth serve to rake the stringy, non-nutrient partis ies from 
the dung. The inner surfaces of the tibiae are rounded t* 'liable 
the shaping of the ball. When a ball as large as a walnut is termed, 
the beetles roll it to an excavation. In rolling the ball the tumble 
bug uses the sharp claws on the hind feet as pivots which hold the 
ball and prevent its getting away. This necessitates walking on 
the front legs as shown in Fig. 134. 

When the ball is placed in the nest, the female reshape^^ it into 
an egg-shaped mass and then divides it, laying an egg in each part. 
Frequently she remains with the mass, removing molds which ap- 
pear from time to time; and after the young are bom, she dies, 
having fulfilled her mission in life. The ma! has probably died of 
senility long before. Every student should read more about these 
int('resting insects in Henri Fabre's The Life and Love of the Insect.^ 


* Appleton Co., publishers. 



310 


THE LIVING WORLD 


The larvae of fireflies have already been referred to. The adults 
are inconspicuous, nocturnal, soft-bodied beetles which rest on 
plants during the day. The photogeny of fireflies has always been 
a matter of controversy, although it is recognized as being very 
efficient because it is a bright and cold illumination. It has been 





Fig. 108. Common small moths. A. Ileterocanipa guttalaf 
male; B. Nadata gihhosa (Notodontidae); C. HeterocamjHi guttata^ 
female {Noiodonlidae)] D. The hickory borer, Ilaliaodola caryae 
(Arctiidae); E. Amphion nesms (Sphingidae); F. Halisodota up. 
(Arctiidae). E. original; all others from 111. State Bull. Nat. 

Hist. 

found, however, that the light is produced by oxidation resulting 
from the action of an enzyme luciferin on luciferase. 

The firefly is active on dark nights in midsummer, and the light 
is undoubtedly of value in aiding the insect to find its way about. 
There is usually It difference in the flashing of the two sexes, 
especially during the mating season. The female rests on a plant 
flashing slowly, while the male flies about flashing at frequent 
intervals. In this way recognition is effected. 

The most conspicuous photogenic beetles in the world are 
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elaterids or click beetles found in Central and South America. 
One large form {Pyrophorus) has two largo structures resem- 
bling eyes on the thorax, from which a brilliant light is 
emitted. 

The leaf beetles {Chrysomelidae) comprise a large and variable 
group which are found only on plants. The most conspicuous 
members of the family in- 
clude the Colorado potato 
beetle or “potato bug’' 

{Leptin otarsa dccimlincata) 

(Plate XIII, Fig. 4), the as- 
paragus beetles (Plate XIII, 

Fig. 8), fl('a b('etle (Plate 
XIII, Fig. 10), cucumber 
beetle (Plate XII, Fig. 1), 
and tortoise l^^^etle (Plate 
XIII, Fig. 7). The green- 
ish-gold “jewel bug,” found 
on goldenrod, euphorbia, 
and milkweed, is the most 
brilliantly colored native 
species. 

The carrion beetles (Sil- 
phidae) may be found uiuhT 
excrement and tlu^ bodies 
of d('ad animals. If weatluT 
conditions are right, hun- 
dreds may be trapi^ed in 
a single night by i)lacing a mason jar containing deca 3 ring 
meat or a fish head and covered with cheesecloth in which a 
small slit has been made, in the ground with the surface of 
the jar almost flush with the surrounding earth. If the top 
of the jar is covered with dead leaves and left over night, the 
collector will probably find an abundance of carrion beetles the 
next morning. 

Perhaps the most interesting of the silphids is the sexton or 
burying beetle (Fig. 130). This beetle is oiange and black, and 
it is widely distributed. If you place a dead mouse or bird on the 
lawn at night and cover it with crossed sticks so that other animals 
inay not carry it aWay, you may find that on looking for it the 



Fig. 109. The regal moth (Citheronia 
regalis) and its Larva a!». ■ Pack- 

ard, Metn. Acad. Nai. Sci.; au. i after 
Felt, Bull. N. Y. State Mus. 




Plate XII. Some common beetles. 1. Cucumber beetle, Diahrotica 12^ 
jmnctata {Chryso7nelidae); 2. Grape vine beetle, Pelidnota 'punctata (Scarabaei- 
dae)t aSter Riiey; 3. Eyed elater, Alaus ocuUUus {Elateridas); 4. Flower beetle, 
Euphoria inda, after Chittenden; 5. Snout beetle, Eupmlis minuiat after Felt; 
6. Euphoria aepvlchralu (Scarahaeidae); 7. Round-headed apple tree borer, 
Saperda Candida {Cerambycidae);S, Euboria geminata (Cerambycid(ie);9. Trich- 
iu8 piger (iSotxiYi&aeidq|), after Chittenden; 10. Flat-headed apple tree borer, 
ChryaobothrU femorata (Bupreatidae); 11. Paasaluft comutua {Passalidae)^ after 
12. Blister beetle, Eppicauta vittata (Meloidae), after Chittenden; 
13. Odor beetle, Oamodenna Glabra {Scarahaeidae); 14. Prionus umbricomus 
{Ceramhycidae); 15. Clems quadriguttata (Cleridae), after Felt; 16. Osmodernm 
eremicola (Scardbaeidae). Courtesy 111. State Lab. Nat. Hist. 
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next morning the carcass has disappeared. By digging at the spot 
you will find that the body has ^en neatly buried. The beetles 
{Necrophorun) excavate beneath the carcass until it has sunk 






Fio. 110. The peach tree borer, San- 
ninoifiea exitiom (Aegeriidae). After Snod- 
j?rass, Farmer^s Bulletin, Bur. Ent., U. S. 
Dept. At?ric. 


Fig. 111. Head of a 
butterfly, a. Anten- 
nae; 1. Labial palpus; 
p. Proboscis or suck- 
ing tube. After Fol- 
som and Wardle, Eti- 
tonwlogyf courtesy P. 
Blakiston's Son & Co. 


IxMioath tho surface of the earth. They then cover it, and the 
females lay tluMr eggs on th(' carcass so that tho newly hatched 
larvae will supplied with 
an abundance of food. Another 
conspicuous carrion beetle is 
shown in Fig. 130. 

There are too many beetles 
to allow of discussion here, but 
the student may find them 
in dead logs (liuprestidac, 

Cucujidac, ElaUridae) ; beneath 
the bark, where the (uigravers 
make fantastic designs on the 
w’ood (Scolytidae) ; in fungi, 
where very small fungous forms {Cryptophagidde) abound; in 
water {Hydrophilidae, Haliplidae, and Dytiscidae); and, in fact, 
' almost everyw'here. 







Fig. 112. The comma butterfly, 
Polygonia comma (Nymphalidae). After 
A. H. Clark. 
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Water forms are discussed in more detail under the subject of 
aquatic animals. 

Homoptera (like wings). This order includes a large number of 
sucking insects which are also ‘'bugs/’ but which differ from the 

Hemiptera in that all 
of the wings are of the 
same texture, and they 
are usually membra- 
nous or transparent. 
Many of them are also 
much smaller than the 
true bugs, although 
one, the cicada or 
seventeen-year locust^ 
is quite large. The 
aphids or plant lice 
(.1 phididae) , j limping 
plant lice (Chermidac), 
froghoppers or spittle 
insects (Cercopidae), the whiteflies {Aleyrodidae)^ scale insects 
(Coccidae), leaf-hoppers {CicadelUdde), the cicadas (Cicadidae), 
and the wood brownies or trce-hoi> 
pers {Membracidae) are the princi- 
pal members of the order. All of 
the Homoptera are destructive and 
difficult to control, but they are an 
extremely interesting group and 
worthy of discussion and observa- 
tion. No student should overlook 
this group in his field studies, be- 
cause some of the most spectacular 
insects in the world are to be found 
in this order. 

The cicada (the seventeen-year 
locust is also a cicada), or har- 
vest fiy is the largf!, clear-winged insect that sings loudly in late 
summer. The music is produced by means of stridulating organs 
composed of membranes, stretched over rounded chambers located 
one on each side of the abdomen. There are several species of cica- 
das, all of which are closely related and of somewhat similar habits. 



Fia. 114. The papaw butter- 
fly, Papilio marcellus (Papilion- 
idae). After A. H. Clark. 



Fig. 113. The thistle butterfly, Vanessa 
cardui (Nymphalidae), After A. H. Clark. 



THE INSECTS 


315 




A. 


The seventeen-year locust (Magicicada) or periodical cicada 
is the largest and rnost highly colored species. 

Cicadas lay their eggs in the young twigs of trees by splitting 
the stems. The eggs hatch into white ‘"grubs” which feed on the 
inner parts of the stem, thus killing the twig. When the dead 
twig breaks, the larva drops to the ground and ‘digs in.” The 
sevent(‘en-year species is sup- 
posc'd to spend about seventeen 
years as a “grub” in the ground 
where it feeds on th(> roots of 
plants, finally ('merging from 
the ground and crawling upon 
a tree \\ here t h(' outer skin (lri(\s. 

The skin then splits lengthwise 
on the back, and the adult 
slowly emc'rges. Tlu're arc 
“locust years” in which tluTo is 
an unusujil number of cicadas. 

Thc'sc do not apply only to tlie 
scventeen-yi'ar specie's l)ut to 
the others as well. Every five 
to seven years there is a pre- 
poiuk'rancf^ of tlu'se dc'striictive 
ins('cts, and thc'ir larval cases 
an' found in great numbers on 
tlu^ trunks of tn'C's. TIk'sc peri- 
odic occurrences arc usually 
quite localized, however. The 
nymph or larva is equipped 

with “digger f('et” in front, but at the last molt these arc lost, 
there being no further need for them since the adults are aerial. 
In the larval stage, the cicada is destructive to the roots of 
growing plants. 

While, as has been indicated, in certain groups the female is 
the more dangerous sex, tliere is a tendency in nature to eliminate 
the male wherever possible. Nowhere is this better demonstrat(;d 
than among the aphids or plant lice. The. tiny green, red, or 
black insects are found on stems and leaves of plants everywhere. 
In some cases the kind of aphid can be identified by the plant on 
which it is found, there being more or less of a specific selectivity; 



Fig. 116. The silver-spot* ! skip- 
per, Epargyrem titynis {Hespuiidae), 
A. Upper side; B. Under side. 
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Plate XIII. Some common field and garden beetles. 1. Wheat wireworm 
(Elateridae); 2. Mexican bean beetle (CocdnelUdae); 3. Two-lined oak borer 
(Etatfridae); 4. Potato beetle (Chrysotnelidae); 5. Wheat wireworm (Elateri- 
iflc); 6. Corn wireworm {Elat€ridae);7, Golden tortoise beetle (Chrysomelidae); 
8. Asparagus beetle {Chrysomelidae); 9. Lady bird beetle {CocdnelUdae); 
10. Beet leaf flea beetle (Chrysomelidae); 11 . Carpet beetle (Dermesiidae); 
12. Locust leaf miner^ halepus-Chrysomelidae), Courtesy Bur. Ent., U. S. 
Dept. Agric. 
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and some species are termed woolly aphis (Fig. 86), “cocklebur 
aphid, “elm leaf aphid,” black peach aphis (Figs. 84, 85). Many 
species have dual hosts, while others are facultative, feeding 
upon many kinds of plants. 

In most of them the fer- 
tilized eggs remain over 
winter; and in the spring 
these eggs hatch into fe- 
males called “ stem mothers ” 
which reproduce partheno- 
genetically during the sum- 
mer, producing wingless fe- 
males only. These wingless 
or agamic ^ females produce 
several generations of simi- 
lar wingless forms until the 
plant is well stocked with 
them. Then a generation of 
winged females is produced, 
and these migrate to the 
secondary host, where they 
again produce wingless fe- 
males. Later another gen- 
eration of winged females is 
produced, and these migrate 
back to the primary host on which the stem mothers were bom. 
These give rise to both male and female forms, which mate, 
the females eventually la3dng eggs which winter over and from 
which new stem mothers hatch in the spring. There are variations 
of vivipary and ovipary and also differences in the generations 
among the various species of aphids; but it is remarkable that 
males are only produced in the final brood of the season. It seems 
that the male is only necessary in order to produce eggs which 
will withstand the rigors of winter. The common apple aphid, 
which ranges over a wide degree of latitude, produces no males at 
all in southern regions where the winters are mild. 

Associated with aphids, one usually finds the adults and larvae 
of ladybird beetles which feed upon them, and ants which attend 
them, as explained elsewhere. 

^ Agamic ~ without marriage. 


Fig. 116 . The common American swal- 
lowtail, Papilio polyxenes {Papilionidae). 
A. Male; B. Female. 
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The aphids are also subject to the attacks of small parasitic 
Hymenoptera {Braconidae) which lay their eggs within their bodies 
and in the eggs (Fig. 9). 

The ‘‘spittle insects/' or froghoppers, are the creatures that 
construct the masses of white froth or “spittle" that arc so fre- 
P , ^ quently found on plants, 



especially Queen Anne's 
lace {Daucus carota), 
during the summer 
months. These insects 
are small bugs which 
can be identified by 
small teeth or spines 
located on the tibiae 
(Fig. 23). 

The tree-hoppers, 
wood brownies, or mem- 
bracids arc weird-look- 



B. 


Fig. 1 17. The great .spangled fritillary, 
Argynnis cybele (Nymphalidae). A. Upper side; 
B. Under side. 


ing creatures which are 
usually quite angular. 
The thorax extends con- 
siderably backward over 
the abdomen. Tht'y are 
sometimes supplied with 
prolongations which arc 
extenuations of the pro- 
notum and which some- 
times make them resem- 
ble thorns or horns, 
although they also as- 
sume other fantastic 
shapes (Fig. 18). The 
membracids abound 


everywhere, and they arc most easily captured by sweeping the 
shrubs and herbaceous plants. Many of them rest on the stems 
of twigs where th^ insert their slender, piercing, sucking mouth 
parts and drink the sap of the plant. Like the froghoppers, most 
of the membracids covey their eggs with froth. 

Related to the membracids are some smaller insects with some- 
what similar habits known as leaf-hoppers, jassids, or cicadellids. 
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The commonest species are nile green in color, although one rather 
common form is conspicuously colored with red, green, and yellow. 
The leaf-hoppers are found almost everywhere and can be taken 


in numbers by the 
sweep net. Some 
membracids and leaf- 
hopp(?rs are shown in 
Fig. 88. 

Another large group 
of homopterous insects 
includes the scale in- 
sects and the mealy 
bugs. To this group 
belongs the Mexican 
cochineal insect which 
occurs on cacti and 



• • . ■- 


Fig. 118. The aphrodite fritillary, Argynnis 
aphrmiitc {Nymphalidae). A. Upper side; B. Un- 
der side. After A. H. Clark. 


from which dyes are 

made. The lac insect ^ ' \ 

of the tropics from 

Avhich shellac is made, ^ \ 

the oyster shell scale, ^ \ 

cottony cushion scale, 

and numerous others ^ j 1 ^ 

also belong hero. They ^ ^ ^ 

are all small, and most m ^ ^ ^ 

of them quite destruc- ^ ^ ^ * - 

tive. One of them, the " 

San Jose scale, threat- ^ ^ B. 

ened the orange indiis- Fio. 118. The aphrodite fritillary, Argynnis 
try of California* and ■ {Nymphalidae). A. Upper side; B. Un- 

' ^1 T * p dcrsidc. After A. H. Clark, 

only the finclmg of a 

natural enemy, the Australian ladybird beetle, saved the oranges 
of that state. Most of the scales secrete a waxy, resinous sub- 
stance which completely covers them and protects them. The 
adults are legless and winglc^ss. 

The \^'hite^lies, Alcyrodidiie, are the tiny, whitish insects usually 
found on house plants. In the wild they arc always on the under- 
sides of leaves. The adults of both sexes have four wings. They 
sometimes reproduce parthenogenetically. The eggs are placed 
on stalks, and the curious larvae are surrounded with a waxy 
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secretion. A great quantity of honey dew is secreted by the larvae, 
and this exudes through the anal orifice, which, strangely, is 
located on the back, just behind the middle of the body. The 
metamorphosis in this group comes near to being complete or 

holometabolous, the young being 
larvae. 

/ Hemiptera (half-winged). This 

order includes the true bugs, and 
the name of the order refers to 
the fact that the distal portion of 
the wing is transparent, while the 
upper or proximal portion is 

Fig. 119. The meadow fritillaiy, thu.s giving it the appi'ar- 

Brenthis helUma (Nymphalidae). ance of being only half a wing. 

The wings owrlap at their tips. 
That all bugs are insects but not all insects are bugs is a fact to 
remember. All of the members of this order have sucking mouth 
parts which in each case consist of a needle or awHike proboscis 
which the insect inserts into plants or the bodies of other ani- 
mals and through which the juices of the food organism are 
drawn. The group is frequently referred to as ‘Hhe sucking 
order.^’ The length and stoutness of the sucking tube vary in 




Fig. 120. Larva and chrysalis of the monarch butterfly {Nymphalidae). 
Courtesy Bur. Eiit., U. S. Dept. Agric. 

different bugs, being short and robust in the giant water bug and 
long and slender in the kissing bug. The antennae usually have 
less than five segiMnts. All of the bugs undergo a gradual meta- 
morphosis, and the young, which are called nymphs, are bom 
without wings. 

There are many kinds of bugs, most of which have unpleasant 
odors. They are variable in their habits and habitats. Some live 
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in the water where they prey on other insects and even fish, while 
other predatory forms fly al)out, seeking unwary victims. The 
majority of them, however, feed on plants by inserting their beaks 
into stems and leaves and sucking plant juices. Since they do not 


feed on the solid portions of 


I » 



Fid. 121. The rod admiral, Vati- 
easn (itnlnnpt (N i/tn phniidae). Up- 
por sido; li. IJiidor sido. 


plant, their control is difficult. 
Among the more important 
economic bugs arc the chinch 



Fig. 122. A. Tho nourning 
cloak, Aglaia antiopa gviphal- 
idae); B. The red-spotted pur- 
ple, Hnsilarchia antijaunx (A’i//a- 
plmlitlne). 


bug (Lygnruhir) which is di'slructive to timothy, corn, and cereals, 
and which is a black and while bug with the legs and bases of the 
antennae red; the squash bug {Coreuiac); the stink bugs {Penta- 
tomi(lac) which give* berri(\s a bad taste; red bugs (Pyrrhocoridae), 
some of which feed on scale insects; and the assassin bugs {Reduvi- 
idac) which h'od on otluT insects. Some of the other more common 
members of this onh'r an* the water striders {Gcrridac and Vcliidac) 
(Fig. 27), ambush bugs {Phymatidae) (Plate X, Fig. 4), stilt bugs 
(Ncididac) (Plate X, Fig. 5), water scorpion {Nepidae) (Fig. 34), 
water boatmen (Corixidav) (Fig. 33), backswimmers {Notoncctidae) 
(Fig. 33), and lace bugs {Tingidac) (Fig. 89). 
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In all of these families there are numerous species, but the 
family habits are usually common to all members. 

The more interesting water bugs are discussed under Water 
Animals, while some of the more common terrestrial forms are 
shown in Plate X. 


Diptera (two wings). The flies, mosquitoes, craneflies, midge 
flies, robber flies, moth flies, fruit flies, flesh flies, fungus gnats, 

houseflies, gall gnats, and horse- 
flics belong to this order. 

■ ^ ■ Many insects which are com- 

I ^ I monly called flies, such as firc- 
V scorpion fly, dragon fly, 

V 'TSk ichneumon fly, and lantern fly, 

H JL 1 

j/KI dipterous insects have only 

wings which are at- 
A. tached to the meso thorax. In 

place of the second pair of wings, 
; ^ they have a pair of knobbed, 

^ thread-like balancers or halteres 

V which are attached to the meta- 

thorax. There arc some true 
flies, however, which are wing- 
; . less. These include the louse 

■ ■ flies, bat ticks, bee lice, and 

0 sheep ticks. The economic im- 

Fig. 123. The cabbage butterfly^ portance of this order is too well 
Pieris rapae (Pieiidae). A. Summer known for general discussion 

form; B. Spring form. After A. H. here. Some of them are blood- 

suckers (horse flie.s — Tabanidae, 
Fig. 36; black flies — SimuUidae, Fig. 41; mosquitoes — Cviicidae, 
Fig. 35; and some members of other families); others destroy 
crops (the maggots in beets, turnips, radishes, apples, and a host 
of other destructive larvae; and the gall gnats — Cecidomyiidae); 
and quite a number are parasitic on and in domestic animals, 
resulting in serioili losses at times. Among the latter are the bot- 
flies or warble flies {Oedridae) which lay their eggs in the bodies 
or on the hair of horsnes, sheep, and cattle; the blow flies (Cal- 
liphoridae, Fig. 138); and the flesh flies (Sarcophagidae) which 
breed in carcasses or sores. The housefly {Muacidae) lays its 
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eggs in manure or decaying organic matter. One member of this 
family, Stomyxys ccdcitrans (Fig. 136), is a blood-sucker. It is 
called the stable fly, and it is often pestiferous to humans. The 
housefly is a factor in the spread of typhoid and other diseases. 
The function of the mosquito as a carrier of yellow fever, malaria, 
and the dreaded elephantiasis or filariasis hardly needs to be men- 



Fi(i. 124. Common .small butterflies. A. Amer- 
ican copper, Chri/sophnnus hypophlaeus (L//- 
caenidac), u[)per side; B. Same, under side; C. 

Pearl crescent, Phyciodes tharos {NympJialidae); 

D. Numitor skipperling, Ancyloxypha uuniitor 
(flesperiidae); E. Common blue, Lycaena pseii- 
dnrgioliiit (Lycaenidm); F. Silver crescent, Phy~ 
riodca nycteis (N ymphalidae), 

tioned. The malaria-carrying mosquito, Anopheles, is widely 
distributed, the writer having found it frequently in Pittsburgh. 

There are about 50,000 known species of flies. About 10,000 
of these are found in North America. While most of our native 
flies are terrestrial, a number of them breed in water. These in- 
clude the large, mosquito-like craneflies (Tipulidae); the soldier 
flies, Stratiomyiidae^ which develop from the familiar rat-tailed 
maggot found in ponds and streams; the ho ieflies (Tabanidae); 
the black flies (Simuliidae) ; the midge flies, Chironomidae and 
Dixidae; and tiii^*niosquitoes {CuUddae). The Anisopidae or 
Rhyphidae greatlj^ fSemble craneflies and might easily be mis- 
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taken for them. There are small flies found on foliage or seen on 
windows which greatly resemble tiny moths. These belong to the 
family Psychodidae. 

The long-legged metallic blue or green medium-sized flies found 
in damp places and often seen in gardens belong to the family 




I 

A. 



^ Dolichapodidae. The males of 
certain species have elongated 
front tarsi which are orna- 
mented with brilliant hair 
tufts. During the breeding 
seasons, the male promenades 
back and forth on the surface 
of an exposed leaf, strutting 
as though he were walking on 
his toes. He is watching for 
a female; and when the fe- 
male passes by, the male im- 
mediately lifts his front foot 
as though beckoning to her to 
‘‘come over.” The hair tuft 


or “flag” is used to attract 
her attention. 


- The dance flies (Empididac) 

j are those dark-colon'd flies 
Fig. V2b. A. Tho clouded wood that hover in swarms over 
nymph, Cercyonis alope, variety nephele; water or in the region of 

B The common wood nymph. Cercj/o«/« shrubs, about dusk. They are 
alope(Nymphalidae). . ' . , . 

frequently seen above a path 
through the woods. The swarm of flies moves up and down con- 
tinuously. The male dance fly carefully prepares an ornate cai> 
sule, composed mainly of his own saliva, which he presents to 
tho female in courtship with tho same gusto that a young swain 
presents a box of chocolates to his lady love. While positive proof 
is lacking, the evidence indicates that the capsule, which the fe- 
male eats, acts as a love philter and stimulates sexual desires. 

The robber fli^ (Asilidae, Fig. 139 I, J, K) and the tachinid 
flies (Tachinidae) are predatory and feed upon other insects which 
they capture in flight.. The vinegar gnats or fruit flies (Droso- 
philidae) are the small flies that hover about fruit. They breed 
in bananas and in bruised portions of apples and other fruits. 
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Fig. 126. Upper left, the little wood satyr, Neonympha 
curyiuH (N ym phalidae) ; Upper right, the common wood 
nymph, Cercyonis alopc (Nymphalidae); Lower left, tiio 
Baltimore, Mrlifnea pfuietomi (Xymphalidae); Lower right, the 
American Copper, Chi ysophnnus hypophlneus {Lycaenidae), 
A. Upper side; B. IJnder side. After A. H. Clark. 
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Many of them lay their eggs on the skins of melons and other 
fruits. The tiny gnats found hovering about bracket fungi or in 
damp woodlands are fungus gnats — Mycetophilidae, 
They are the adults of the tiny maggots found 
when many types of fungus plants are broken 
apart. The midge flies, Chironomidae, are mosquito- 
like flies with plumose antennae. They are adults 
of the bloodworms found in ponds and streams. 

All of the flies undergo a complete metamor- 
phosis with egg, larva, pupa, and adult stages, 
although a few species are viviparous and therefore 
bring forth living young. The maggot or larva 
is short, legless, thick-bodied, and worm-like. It 
lacks a well-defined head, and the mouth parts are 
poorly developed as a rule. The coarctate pupae 
are oval or cylindrical with rounded ends. They 
are enclosed within the hardened, larval skin; and 
no parts of the contained insect are visible. The 
statement that ‘‘little flies grow up to be big flies’’ is erroneous. 
Every winged fly is mature, no matter how small it is. There 
are a great many more families of flies than are mentioned here. 
Some flies are shown in Fig. 139. 

Hymenoptera (membranous wings). The bees, ants, wasps, gall 
flies, ichneumon flies^ and sawflie.s belong to this order, which is 



Fig. 127. A 
stag beetle (Lu- 
canus elayhus). 
After Kellogg, 
American In- 
sectSf courtesy 
Henry Holt and 
Co. 



Fig. 128. A click beetle (Elateridae) turning over. After Schmiel from 
Hegner, Invertebrate Zoology. 


perhaps, as a w^liole, the most highly specialized of all insects. 
This order includes many diverse individuals. A complete sum- 
mation of the numerous families is included in the chapter on 
Classification. 

The h 3 rmenopterous insects have two pairs of membranous 
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wings which are transparent or translucent, and they have com- 
paratively few veins (see Wings of insects). The hind wings are 
usually much smaller than the 
front ones and the wings are 
held together by rows of small 
hooks or hamuli located on the 
anterior margin of the hind 
wings. The mouth parts are 
quite variable within the group, 
some members having suctorial 
and others mandibulate types. 



Fig. 129. Adult tiger beetle (Ci- 
dndelidae) and a larva in its burrow. 


The abdomen is composed of six Lutz, Fieldhook of Insects, 

• -1 1 . mi courtesy G. P. Putnam’s Sons, 

or seven visible segments. The 

ovipositor of the females is modified for stinging (bees and wasps), 
sawing (sawflies), or boring (ichneumon flies and horntails) (Figs. 



Fig. 130. Some common boi ilos. A. Burying or sexton beetle (Silphidne); 
B. Stag hec'tle (Litcutiidac); C. Fiery liunter (Carabitiae); D. Rove beetle 
{StnpInjlvtUhr); E. Carrion beetle {Silphidae); F. and G. Common gromvi 
l)('etl(\s (Cnmbidac). After Lutz, Fiddbook of I meets, i jrtesy G. P. Putnam’s 
Sons. 


142-143). Tlio larvae of tlio hyinonoptcra are also div('r«', some 
b'eing maggot-like and Ic'glos.^! (bc'cs, (lies, ants); others arc cater- 
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A. B. 

Fig. 131. Saw-toothed grain beetle, 
Oryzaephilus surtnamensia (Cucuji- 
dae). A. Adult; B. Pupa; C. Larva. 
Courtesy Bur. Ent., U. S. Dept. Agric. 


pillar-like (sawfly) (Fig. 141); while still others may have thoracic 
legs (larvae of gall flies). The metamorphosis includes the egg, 

larva, pupa, and adult stages; 
and it is therefore complete or 
indirect (holometabolous). 

From man's point of view this 
order of insects is both good and 
bad. In it are those .insects 
which supply honey and beeswax. 
Others, such as the ichneumons 
and braconids parasitize destruc- 
tive caterpillars, plant lice, and 
the larvae of wood-boring beetles 
(Figs. 143, 146). The digger 
wasps, mud wasps, and hornets 
devour numerous harmful insects 
including mosquitoes, grasshoppers, cicadas, and caterpillars 
(Fig. 149). Some of the ants are excellent scavengers and quickly 
remove putrefying matter. In the tropics we always allowed the 
ants to clean the skeletons of our animal specimens. But there 
are also pestiferous household species and the wood-destroying 
carpenter ants which do considerable damage. The bees carry 
pollen from one flower to another and 
thus make possible the development of 
numerous fruits. The bumble bee is 
of inestimable value in pollinating the 
flowers of clover. 

On the other hand, the sawflies are 
very destructive to growing crops by 
cutting into the stems of plants with 
their saw-toothed ovipositors in order 
to deposit their eggs; and the leaf- 
cutter bees almost completely ruin 
many plants including roses. The leaf- 
cutters cut circular sections of leaves 

and petals of flowlOrs and use them to line the interiors of their nests 
which are placed in the ground. The mining bee is sometimes 
harmful to timber. The stem flies {Cephidae) and the gall flies 
{Cynijridae) also do considerable damage by laying their eggs in 
the stems of wheat and other herbaceous plants. Many more 



Fig. 132. The cottonwood 
borer {Pkctrodera scalator). 
Courtesy Bur. Ent., U. S. 
Dept. Agric. 
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could be added to both the beneficial and harmful lists if space 
would permit. One of the striking features of the Hymenoptera 
is the widespread and often 
solicitous care of the young, 

The order includes a vast I 


number of families and sp(s 
cies which exhibit such a di- 
.versity of structures and 
"habits as to preclude their 
complete discussion here; 
and the student is referred 
to specialized works for fur- 
ther information. 

A general and abbreviated 
summary of the hymenop- 
terous insect^j help the 
student to appreciate the 
numerous kinds that arc in- 
cluded in the group. There 
are many groups of bees, 
wasps, and ants which are 
frequently encountered 
everywhere; and all of them 
are included in ten super- 
families, some of which con- 
tain quite a number of indi- 
vidual families. 

(1) Tenthredinoidea, These 
are the sawflies, of which 
there are several kinds with 



Fig. 133. The chestnut curculios. A. 
Large chestnut weevil {Curculio prohos^ 
cideus); B. Larvae of the large weevil; 
C. Larvae of the lesser weevil; D. Hole of 


diverse habits. Most of them 
have caterpillar-like larvae 
which feed upon leaves or 
tunnel in the pith of twigs. 
Cimbex americana (family 
Tenthrcdinidae) and its larva 


emergence of the large weevil; E. Hole of 
emergence of the lesser weevil; F. Eggs of 
the large weevil; G. Adult of lesser 
w’cevil (CutcmUo aunger); H. Pupa of the 
lesser weevil; I. Pupa of the large weevil; 
J. Eggs of the lesser weevil. From Tech. 
Bull. 130, courtesy U. S. Dept. Agric. 


are shown in Fig. 141. The adult of this specxos has a wing spread 


of almost two inches. Trernex columba, the horntail or pigeon tremex 


(Siricidae), is shown in Fig. 142. The latter is a wood-boring 
species. The female inserts the ovipositor into trees; and when 
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the eggs have been deposited, she cannot withdraw it again. The 
dead bodies of this wasp are often found projecting from the trunks 
of trees. 

(2) Ichneumonoidea. These are the parasitic wasps which lay 

their eggs in caterpillars, aphids, eggs of insects, and in the ootheca 
of roaches. There are three principal families, all of which are 
beneficial since they destroy many harmful insects. The Ichneu-^ 
monidde are the largest of this group. Megarhyssa {Thalessa) is 
shown in Fig. 143. It drills through the wood of trees with its 
long, thread-like ovipositor, which is composed of three very long 
parts, into the burrows of homtails where its larvae kill the horn- 
, tail larvae. The males lack the ab- 

t ^ dominal appendages. The Brocomdae 

niuch smaller than most ichneumon 
i flies; and they usually lay their eggs in 
hacks of caterpillars, although some 
I } of them are so small that they para- 

, sitize aphids or their eggs. Figure 7 
I shows a parasitized caterpillar. The 
' eggs are laid by the female within the 
s "" I body of the caterpillar; and the young 
^ - ^ ■ are nourished by feeding upon the 

* I body substance of their host. Just be- 

fore the host dies, the larvae pupate; 
1 S the picture shows the pupae pro- 

s;! truding from the moth larva. The 

Evaniidae or ensign wasps have short, 
blunt, laterally-compressed abdomens 
which are held aloft and seem to be attached to the top of the 
thorax. The ensign wasps seek the egg cases of cockroaches in 
which to deposit their own eggs. 

(3) Cynipoidea, This group includes the gall wasps of the family 
Cynipidae, all of which are small. These tiny wasps sting the 
stems, leaves, and other parts of plants, and deposit their eggs in 
the plants. The iniury caused by puncturing the stem causes the 
unusual swellings Or galls that are seen on a great number of 
plants. 

(4) Chalcidoidea, The* chalcid flies are also parasitic upon other 
insects as a rule, although a few of them are plant-eaters, one 
species being destructive to the seeds of clover. A cocoon of the 




Fig. 134. The tumble bug or 
dung beetle. After Fabrc. 
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Cecropia or Emperor moth (or numerous other cocoons and but- 
terfly pupae, for that matter) may not produce a moth or butterfly 
at all; but instead, many of these parasitic chalcids may emerge. 
They belong to the family Chalddida/e. As a whole the group is 
beneficial; and some of them are being raised artificially and then 
released so that they will parasitize destructive, uncontrollable 
insects such as the European corn borer. 

(5) Serphoidea. This group includes two principal families. 
The PeUdnidae includes the black, shining pclecinid wasp, the 



Fir,. 13"). Life history of the meal worm {Tenebrio obscurus). 
B. Adult; A. Pupa; C. Larva. After Cotton, Tech, Bull. 95, 
courtesy U, S. Dept. Agric. 


female of which has a very much elongated abdomen (Fig. 144). 
On the male, the abdomen is rather short. Males of the pelecinid 
wasp are extremely rare. It is a valuable insect inasmuch as it 
parasitizes the larvae of June beetles by inserting the long abdo- 
men into the ground to reach the beetle larvae. The Proctotrupidae 
are among the smallest insects, and they breed in the eggs of other 
insects. Some species even go into the water, using the wings in 
swimming, in order to parasitize the eggs of water insects. These 
'tiny wasps render a very valuable service to man by greatly reduc- 
ing the numbers of insects which affect food plants. 

(6) Formicoidea. These are the ants, all of which belong to a 
single family Formicidae. There are many kinds of ants; and 
while there is considerable variation in size, color, and habits 
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among the numerous species, all of them are readily identifiable 
by their general, familiar form. In ants the three body regions — 
head, thorax, and abdomen — are distinct, with the thorax usually 
narrower than the head and abdomen. The abdomen is attached 
to the thorax by a slender petiole which always bears one or two 
swellings or tubercles (Fig. 158). The swellings in the petiole are 
a sure mark of identification. The mouth parts are adapted to 
chewing, and the antennae are of moderate length. The legs are 



long, slender, and adapted to running. 
None of our native ants possess stings, al- 
though a number of speckis can inflict ir- 
ritating wounds with their jaws. 

The largest native species is the black 
carpenter ant {Camponotus) which is nearly 
three-quarters of an inch long (Fig. 156). 
This species excavates the dead heart wood 
of trees, but it also proves troublesome at 


Fig. 136. The biting 
stable fly, Stomyxys cal- 
dtrans {Muscidae), After 
Kellogg, American In- 
sects, courtesy Henry Holt 
and Co. 


times by injuring timber and composition 
wall boards in buildings. 

The little yellow ant or little red ant, 
Monoimriumpharaonis (Fig. 158), and the 
little black ant, Monomorium minimum 


(Fig. 153), are often troublesome household pests. They are the 


extremely small ants that find their way into pantries, iceboxes, 


and kitchens. 


The thief ant, Solenopsis molestus, has minute yellow workers 
which burrow into the nests of other ants and prey upon the larvae 
and pupae of the larger sj^cics. They seize their victims and 
scamper into their own burrows vrhich are too small for the adults 
of their victims to enter in pursuit. 

One species of shed-builder ants is native to eastern United 
States. It sometimes builds a nest in which it keeps aphids. The 
nest is made of powdered dead wood glued in masses on the 
branches of plants or on tree stumps. 

The Argentine ant, Iridomyrmex humiliSy is an introduced 
species which has become a serious pest in orchards because it 
protects and nurtures destructive aphids; and also a household 
pest, especially in the South. It is an omnivorous, colonial species 
which nests under pavements, about houses, stone piles, or most 
anywhere. In the household it eats almost everything, and it 
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spreads all over the house. It has even been known to attack 
babies with serious results. The mound-building ants {Formica 
exsectoides) are those which construct the large ant hills. The head 
and thorax are reddish, and the legs and abdomen are much 
darker. 


The red slave-maker, Formica sanguinea, constructs low, 
obscure mounds of earth under stones or logs and around dead 
tree stumps. It enslaves the small, blackish ant, 'Formica fusca. 



The shining Amazon, Polyergus 
luciduSy is a widely-distributed, 
reddish, slave-making species which 
is virtually helpless without its 



Fig. 137. Boo flies. A. Bomhylim; Ectoprnta. After Kollogf?, i4 mmcan 
InsectSy courtesy Henry Holt and Co. 


slaves. I’heir mouth parts are sickle-shaped jaws adapted only 
to fighting. The forays conducted by the slave-making ants are 
wortli seeing. They simply overwhelm their victims, killing all 
adults encountered and carrying off the young. 

The corn-field ant, Lasiiis nigery and several other specii^# in the 
same genus are small, brown ants that make small mounds. These 
ants collect and nurture plant lice and coccids; and for this reason 
they are objectionable. One species which nurtures coccids in the 
roots of corn is considered a serious pest. 

Dr. Wheeler reports an inquiline or guest ant, Leptothorax 
emersoniy which lives only wdth another species that builds its 
nest in swamps or bogs, usually in moss. This species, with the 
harvesters, fungus-growers, and others is discussed in the general 
discussion of ants which follows. 

(7) Chrysidoidea. These are the cuckoo wasps which lay their 
eggs in the nests of other wasps which provide food for their young. 
Many nest-building wasps place paralyzed caterpillars in the nest 
with their eggs so that the young will have food available. The 



larvae of the cuckoo wasp 
then devours the provender 
provided for the young of 
the host species, and some- 
times it even eats the young 
of the host species. How- 
ever, the invader some- 
times meets with resistance 
from the host wasp; and 
occasionally it is killed. 
But the cuckoo wasp is 
covered with a hard coat; 
and when attacked, it rolls 
its body into a ball. The 
hardened body covering 
protects the vulnerable 
parts of the body against 
the sting of its adversary, 
as a rule. There is but 
one family, Chrysididae, 
including mostly ihetallic 
green or blue species. 



Fig. 139. Some common flies. A. Lep- 
tis mystacea {Leptidae); B. Spogosiylum 
simson (Bomhyliulae); C. Systropus macer 
(Bomhyliidae); D. Exoprosopa fascipennis 
(Bomhyliidae); E. PsilocephaUi haemor- 
rhoidalis (Therevidae); F. Scenopinus fe~ 
nestralis (Scenopinidae); G. Mydas clavaius 
(Mydaidae); H. Leptogaster flavipes 
dae); I. and J. Erax rufiharhuSf male and fe- 
male {Aftilidae); K. Dasyllis thoracica {AsiU 
idae); L. Asilus sericeus (Aisilidae). After 
Lutz, Fieldhook of InsectCj courtesy G. P. 
Putnam’s Sons. 


(8) Vespoidea. These are the typical wasps; and the group in- 


cludes the yellow jacket, hornet, and the other social wasps, as 
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well as velvet ants. The velvet ants are usually brightly colored 
wasps, and their bodies are quite hairy. The females are wingless, 
and they can sting. The eggs are probably laid in the nests of 
other wasps, and the young are parasitic on the young of the host 
species. The winged males are harmless. The velvet ants are 
typically southern, ground-inhabiting wasps. They are ant-like 
in appearance, and belong to the family Mutilidae. 

Th(i Psammocharidae are the slender, blue or black, solitary 
wasps, frequently with orange bands. They prey chiefly upon 
spiders; and their nests arc usually in the ground. Thes(? are the 
smoky-wingc^d wasps which run about ovc^r the sand with their 
wings continually jerking. The family was formerly called JPom- 
pilidae, A few of them make mud 

The Eumenidae include the pott(T 
wasps which make jug-like nests of 
mud on ple^Uf*. They prey upon fcOj 
caterpillars and beetle larvae which 

they paralyze by stinging. These ' 

larvae are placed in the nests with Fin. 140. Larva of a robber fly 
the eggs so that when the young (AsUulae) killing a grubworm, 
are born, th(?y will have food avail- Agric. 

able. All of the wasps that sting spiders, insects, and insect larvae 
always sting through the ventral surface of the bodies of their 
victims because the nerve cord is ventrally located. The victims 
are only paralyzed and do not die. This is a remarkable be- 
haviorism, for if they killed their victims, they would puti^fy be- 
fore their own young arc born. 

The social wasps belong to the family Vespidae which includes 
yellow jackets, hornets, mud daubers, and other wasps. The 
large, rounded, or elliptical papier rnach^ nests on the branches 
of trees are the nests of yellow jackets. Within the nests are 
stories or platforms, each of which is composed of numerous 
cells. 


Another wasp, Polistes, makes a similar nest except that it has 
only one platform of cells, and it lacks the papier mach6 covering. 
All of the social wasps are beneficial and all of then can sting. 

(9) Sphecoidea. These include diverse kinds of wasps, some of 
which are mud daubers, while others are diggers. The group in- 
cludes eight families as follows: 
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The Psenidae are obscure forms which probably nest in rotten 
wood. 

The OxybcUdae are inconspicuous wasps which nest in sand and 
w’hich prey upon small flies. 

The Crabronidae are small, elongated, black w^asps, often with 

yellow markings. They nest in 
sand banks and prey upon bugs. 

The Philanthidae are very 
small digger wasps with occa- 
sional cross markings. 

The Trypoxylonidde arc usu- 
ally minute wasps in which the 
abdomen is long and narrow. 
jig They are usually all black, al- 

A sawfly. A. Adult; ^ 

B. Larva; C. Cocoon. After Lutz, marked with red. They make 
Fieldhook of Insects^ courtesy G. P. 

Putnam’s Sons. 



Fig. 141. 


their nests in minute holes and 
in chinks in stones. A British 
Guiana species is discussed elsewhere. 

The Larridae are also inconspicuous, ground-nesting wasps which 
prey upon aphids and upon orthopterous insects. Some of them 
have red abdomens. 

The Bernbecidae are ground-nesting wasps that are usually seen 
Hying close to the ground over dry sand. Their abdomens are 
Usually marked with cross bands of 
greenish yellow and black. They 
stock their nests with bugs as a 
rule. 

The Sphecidae are the thread- 
waistcd wasps, some of which nest in 
the ground while others make nests 
of mud. The latter are called mud 
daubers. They gather mud in pellets 
which they carry in their jaws, and Fio. 142. A horntail, the 
the pellets are used to i^ke vertical 
tiers in which tte cells are made. g. P. Putnam’s Sons. 

The cells are separated by thin parti- 
tions of mud. In each cell an egg is placed; and food, con- 
sisting of paralyzed spiders and caterpillars, according to the 
species, is provided for the young. 
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In this group are to he seen some interesting behaviorisms. 
Figure 149 shows Sphex (Amnophila) placing caterpillars in its 
underground nest. 

(10) Apoidca, This group is a large one including the honey 
bees, bumble bees, mason bees, leaf-cutter bees, and numerous 
others. 

The Apidae includes the honey bees which are discussed in the 
text. 

The Halictidiie an^ the sweat bees which make burrows in the 
ground. Each burrow consists of a single opening, but under' 




Fig. 143. The ichneumon fly 
{Thale^m), A, Adult female; B. 
Female drilling hole in tree trunk 
in order to deposit her eggs in 
the burrow of a pigeon tremex. 
From Kellogg, American Im^ecls^ 
courtesy Henry Holt and Co. 


ground there are many branches to the nest. This family also 
includc's the Andrenidae which are often placed in a separate family. 

The AntJwphoridae are large, pollen-collecting bees which are 
more bee-like in appearance than the preceding groups. They 
nest ill clay banks; and like the preceding families many nests 
may be constructed close together in a colony. Some of them are 
nocturnal. 

The BomJndae include the familiar bumble bees or “humble 
bees'' which also nest in the ground. They are pollen-gatherers, 
and they have pollen baskets on their hind legs which the wasps 
do not have. These are discussed a little more in detail, later on. 
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The bees are often broken up into numerous families by some 
authors; and there is still some uncertainty as to the details of 
classification in the order Hymenoptera, as a whole. At the pres- 
ent time wing venation is the fundamental basis for determining 
groups and individuals; and only technically trained specialists 
are qualified to authentically differentiate among species. For 
that reason, the student should be con- 
tent to learn as many families and indi- 
viduals as possible by field studies and 
from illustrations. More detailed infor- 
mation about the families, is included in 
the classification of animals. Chap. I. 

The Hymenoptera is distinct in having 
highly organized societies in several groups. 
The honey bee {Ajyidae) is a well-known so- 
cial member of the order. In the hive there 
may live upwards of 30,000 individuals 
representing three distinct castes — queen, 
worker, and drone. The queen is the re- 
gal individual, ruling alone. The workers 
are unfertilized females, and these far out- 
number the other castes. They are usu- 

outdoors. The 

After Kellogg, American drones are males whose sole function is to 
Insects, courtesy Henry fertilize new queens. The drones are much 
Holt and Od. larger than the workers, and they are 

reared in larger cells. The worker bee can sting viciously, but she 
can sting only once because she loses the stinging organ. 

The hive of the bee is constructed by the workers from waxen 
exudates from their own bodies. On the abdomen are tubercular 
plates or wax scales on which the wax accumulates by sweating. 
This is transferred to the mouth where it is mixed with a fluid 
which makes it plastic. The comb is constructed of hexagonal 
cells, some of which are larger than the others. The crevices are 
sometimes filled with propolis, the sticky exudation from the 
buds or leaf axils oj^various plants. In the larger cells the queens 
and drones are to be reared. The queen, attended by workers, 
lays her eggs in the cells; and the eggs hatch into whitish, legless, 
maggot-like grubs, whiclrare carefully attended by workers which 
bathe them and feed them with regurgitated material. Later 
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the larva spins a cocoon about itself and pupates, eventually 
emerging as a winged adult. The developmental period is about 
29 days. The newly emerged 
workers act as nurses for a 
time, or until the cephalic glands 
are exhausted. Then they as- 
sume the duties of foragers. The 
larvae that are destined to be- 
come queens are fed a special 
mixture of pollen and nectar; 
and this royal food seems to 
have an effect upon the fertility Fig. 145. A parasitic wasp {Micro- 
of the emerging queen. The Courtesy Bur. Ent., U. S. 

workers perform all of the house- 

hold tasks such as gathering pollen and nectar, taking care of the 
young, constructing the hive, and so forth. 

When the is taken from the flower by the worker bee, 

it is stored in honey sacs located in the abdomen for transportation 
to the hive, where it is placed in the colls. The thin, watery fluid 
is evaporated to reduce) the water content. This is effected by 
the vibrations of the wings. During the season for gathering nectar, 
the workers may be observed standing at the entrance of the hive, 
vibrating their wings and causing a current of air to flow through 
it. After a while, the ripened honey is transferred to other cells 
where the worker injects a preserving fluid (formic acid) with 

her sting. When the hon»*y is re- 
duced to the proper consNtuency, 
the cell is sealed. 

In the brood chaniber where 
the young are reared, the new'^ 
queens emerge; and immediately 
there is a “battle royaF' which 
is a fight for supremacy among 
the newly emerged queens and 
between them and the old queen. 
As a rule the queen bee can be 
safely handled and does not sting 
Ix'cause she usually reser^TS her 
sting for a rival female. Eventually the defeated queens leave 
the hive, followed by a number of workers; and new colonies are 



Fig. 146. A black digger wasp 
{Ch lorion ichncumoneuni ) . Courtesy 
III. State Lab. Nat. Hist. 
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Fig. M7. A digger wasp 
{Sphex) using a pebble to tamp 
the dirt over its nest. After 
Peckham from Folsom and 
Wardle, Entomology, courtesy 
P. Blakiston’s Son & Co. 


established by these departing groups. These emigrations are 
called swarms, although sometimes outside disturbances also cause 
swarming. In rural districts, when the bees swarm, the people 
beat tin pans, sing, yell, and play musical instruments to settle 
the swarm. Most wild bees are ones that have escaped during the 
swarming period. In apiaries, where honey is produced for com- 
mercial purposes, artificial combs 
are made; and numerous queen cells 
are made so as to increase the num- 
ber of queens. The queens are re- 
moved and used to establish new 
colonies. Sometimes the workers 
lay unfertilized eggs. 

The queen mates only once, after 
which she seems to exercise control 
over the eggs she lays; and the 
unfertilized eggs always produce 
drones while the fertilized eggs pro- 
duce females, although the manner 
of control is not completely understood. The queen may live for 
four or five years, retaining the seminal fluid received from the 
drone, in the spermatheca, which opens into the egg passage. 
It has already been suggested that the food is a determining 
factor in the production of queens. In times 
of distress the drones are driven from the 
hive by the workers. 

Bumble bees (family Bowbidae), The 
organization of a bumble bee colony is 
not so highly specialized as that of the honey 
bee. The hibernating female starts a colony 
in the spring, utilizing frequently the de- 
serted nest of a field mouse or the burrow of 
a mole. The eggs are laid in a mass of 
pollen and nectar. The larvae which hatch from the eggs devour 
the surrounding mixture; and when mature, they spin cocoons 
about themselves, ^hen the imago or adult emerges, the empty 
cocoon is sometimes used for storing honey. At first only 
workers are produced; and these relieve the queen of all of her 
duties of gathering nectal* and caring for the young. The work- 
ers arc of different sizes, the smaller ones acting as nursemaids 



Fig. 148. The white- 
faced hornet. Courtesy 
111. State Lab. Nat. 
Hist. 
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and builders of the nest while the larger ones immediately engage 
in gathering nectar. Unlike the honey bee, the males of the 
bumble bees work. These are the ones usually seen outdoors. 
In the latter part of the summer, both males and females are 
produced; but when winter arrives, the older queens, the males, 
and the workers die, leaving only the newer queens to survive. 
These establish the colonies in the next season. The bumble bee 
can sting as often as it desires without losing its sting. 

Social wasps {Vespidae), There are three kinds of social wasps 
belonging to the family Vespidae. The papier mach6 nests which 
are frequently seen attached to trees are the homes of rather 
formidable wasps known as Vespa maculata (Fig. 148). The nest 
is made from the shreds of 
weather-torn wood. The shreds 
are pulled off with the jaws and 
masticated with a salivary fluid 
which wjxterprCwfo the material. 

Within the nest arc numerous 
cells or combs in which food is Fig. 149. A sphccid wasp. {Sphex) 
stored. The colony is started by placing a measuring worm in its nest, 
a rfitan? qucci. which p.«iuoc» 
a generation of workers. These 

iinmediat(4y assume tiic duties of completing the nest and earing 
for the young. The young arc fed at first upon material regurgi- 
tated by the workers; and later they are given a diet of caterpillars, 
flies, and other insects. The workers are modified females, as in 
other Hymenoptera. The workers also lay eggs, but these produce 
only males. Unlike the honey bee, the male is a laborer. These 
wasps sometimes survive the milder winters of temperate zones; 
and in the tropics some of them maintain the colonies for several 
years. Other social forms make their nests in the ground {Vespa 
vulgaris and V. germanica). These carry paralyzed spiders and 
caterpillars into their nests for the young to feed upon w^hen they 
arc hatched. 

Digger wasps are solitary species which make burrow^s in the 
ground. When the eggs are laid, the female stings other insects 
or spiders, paralyzing them but not killing them. These helpless 
victims are stored with the eggs so that the young will have a 
supply of food to nourish them sufficiently for completing their 
development. The life history is completed within the nest made 
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by the mother. It is remarkable that the female apparently knows 
that the nerve cords are ventrally located and therefore stings her 
victims from beneath. Most of the diggers belong to the supcrfam- 
ily Sphecoidea which are slender-waisted, medium-sized wasps; 
and their victims include grasshoppers, spiders, measuring worms, 
and even cicadas. Other diggers include the family Pompilidae, 
which are long-legged, solitary wasps which are usually blue or 
black, some of them having orange bands. They prey upon spiders, 
chiefly. The Bembecidde are medium-sized diggers markc^d with 
cross bands usTially of black and greenish yellow. They are com- 
monly found in sandy re- 
gions where they fly close 
to the ground. In most 
cases the diggers, when their 
nests, are constructed and 
when the eggs have been 
laid, will pick up a i)cbble 
with the jaws and th('n 
tamp the earth in th(^ open- 
ing of the burrow so as to 
conceal it (Fig. 147). 

Mud daubers. Many 
wasps construct their nests 
popillavorn). From Circ. 34(5, courtesy U. S. of mud. The mud is shaped 
Dept. Agric. into pellets which are car- 

ried in the jaw\ The type of nest is dependent upon the species. 
Some of the Sphecidae construct a single tier of mud cells on the 
rafters in barns. The Eumenidae includes the mud wasps that 
construct several tiers of cells side by side in an effect somewhat 
like a pipe-organ. The potter wasps (Fig. 23) are thostj which 
make a single, jug-like nest suspended from a twig or leaf. 

The small Trypoxylonidae construct their nests in the stems of 
plants or other hollow places. Keyholes, glass tubes, and even 
keys themselves have been utilized for nesting places. The Try- 
poxylonids separate the cells with mud partitions. Before the cell 
is sealed, the egg is deposited in it; and several paralyzed spiders 
are placed with the efe. The thin-walled partition of mud protects 
these from intruders. When the young hatch, they devour the 
spiders and then pupate. ^The adult, upon emerging, eats a hole 
in the mud wall and escapes. 



Fig. 150. A black digger wasp (Tivhia 
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Tho writer had a most interesting experience with these wasps 
in British Guiana. They were really pestiferous creatures because 
they placed mud in hollow keys and especially in the keyholes of 
microscope cases, making it necessary to put a gummed label 
over the keyhole when the case was not in use. To secure the 




1 . 2 . 3 . 4 . 5 . 


Fig. 151. Tho honey boo. A. Qistcs: 1. Worker; 2. Queen; 3. Drone; B. Sec- 
tion of comb showing the lioney bee in various stages of development: 1. Egg; 
2. Throe stages of larvae; 3. Fully developed larva; 4. Pupa; 5. Adult queen 
ready to emerge; (>. Queen larva in queen cell. A. courtesy U. S. Dept. Agric.; 
B. courtesy Gen. Biol. Supply Co. 

nests of these wasps for the collection, glass tubes, sealed at one 
end, were inserted through holes punched in the sides of a card- 
board box just below the lid, with the open ends of tho tubes 
exposed. In a day or two the wasps had utilized all of the tubes 
for making their egg cells. A tube eight inches long has ten mud 
partitions separating cells, in each of which an egg has been 
deposited and provender consisting of paralyzed small spiders has 
been included in each cell for the expected young. 

The first egg laid was next to the closed end of the tube, with 
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six mud partitions between it and the open end of the tube. The 
last egg laid was in a cell next to the open end of the tube with 
only one thin, mud partition between it and the outside. The 
remarkable feature of this was that the last egg laid was the first 
to hatch. When the young wasp completed its metamorphosis, 
it chewed a hole in the partition and emerged. Each succeeding 
egg developed in turn until finally the first egg developed last; 



Fig. 152. Adaptive modi fu;at ions of the legs of the worker honey bee. 
A. Outer aspect of left hind leg; B. Portion of left middle leg; C. Inner aspect of 
tibio-tarsal region of left hind leg; D. Tibio-tarsal region of left fore leg; a. An- 
tenna comb; au. Auricle; h. Brush; c. Coxa; co. Corbiculum; /. Femur; p. Pec- 
ten; pc. Pollen combs; s. Spur; sp. Spines; t. Trochanter; ti. Tibia; v. Velum; 
w. So-called wax pincers; 1.-5. Tarsal segments; 1. Metatarsus or planta. From 
Folsom and Wardle, Entomology ^ courtesy P. Blakiston’s Son <& Co. 

and it, too, had only one partition to break through. After making 
a hole in the mud, it passed through the holes made by its pred- 
ecessors in the other partitions. In all of the species of mud 
wasps, the metamorphic cycle is completed within the cell and 
the adults escape by making holes in the partitions of mud. 

Gall-makers. Mo|t of the hymenopterous gall-makers belong 
to the family Cynipidcm, although some sawfiies also produce 
galls. These are discussed under Galls. 

Ants. With the termites, the ants exhibit the highest social 
attainments of the insect world. There are many kinds of ants, 
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and they are the most abundant of all living things. Their num- 
bers indicate success, and this success may be attributed to a 
highly efficient social organization. From the standpoint of me- 
chanical efficiency the ants have the most nearly perfect society 
on earth. Furthermore, their society is the most ancient. From a 
biological point of view social organization is the safeguard of a 
race. Long before the rise of the Dinosaurs and other animals 



Fig. loS. TIio little black ant (Morwmorium minimum), a. Male; h. Pupa; 
c. Female; d. Winged female; e. Worker; /. Larva; g. Eggs. After Marlatt, 
court(\sy Hur. Ent., U. S. Dept. Agric. 

which have long since passed into extinction, the ants had a well- 
organized society. These lowly creatures saw the rise aad fall of 
human civilizations as well as diverse animal groups. The suc- 
cess of the ants, after careful analysis, can be attributed to the 
fact that each member of the society is a contributing member; 
and humans can well learn many lessons of importance from the 
study of ant societies. 

In the ant colony, as in the bee hive, the queen is the regal mother 
although she does not rule. In fact the queen exercises no authority 
whatever. There are, as a rule, three castes: viz., the queen, males, 
and female workers. The latter are sexually imperfect females. 
The males and fertile females are the only ones which develop 
wings and they swarm into the air for the nuptial flight. Mating 
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takes place in midair. After the wedding journey, the males die, 
and the females shed their wings and begin a new colony. The 
females may live for years, laying eggs continuously. The workers 
live from one to seven years. The workers are by far the most 
numerous, and it is these we see industriously engaged in their 
various pursuits. While there are three main types of individuals 
in the ant colony, there is considerable variation of some of these 
types which show structural peculiarities by which specialized 
individuals may be distinguished. For instance, some of the work- 
ers have greatly enlarged heads and jaws which admirably equip 
them for protecting the colony against invaders. These are the 
soldiers. Other workers which perform special tasks also bear 
structural characters which differentiate them from their sister 
workers. 

It is this assignment to the performance of special duties which 
makes up the society, and with each individual performing its 
task there is cooperation and harmony within the group. Only 
the strict attention to the resj^nsibilitics assigned to them makes 
it possible for many thousands of individuals to occupy the same 
nest. 

As in the case of bees, the young ants are hatched from eggs 
which are in charge of \yorkers. The young is a helpless, legless 
grub which the workers feed from their own mouths. The nurses 
also clean the young and transport them from one place to another 
where the best conditions obtain. There is an interesting inter- 
change of food material between the nursemaid workers and the 
larval ants which they care for. While the nurses feed the larva, 
sometimes from their own mouths, they clean the larva because 
there are exudations from the body pores of the larva which the 
nursemaids seem to relish. When a nest is disturbed, the workers 
carry the eggs, larvae, and pupae to places of safety. This is an 
activity which may be seen any time during the summer by 
turning over stones and logs. 

Anyone can observe some of the things ants do, although their 
actions are sometimes difficult to interpret. They may be seen to 
bring grains of sai)(l from their burrows and drop them on the 
pile of excavated material around the entrances. In this way 
they construct their burrows, but sometimes an ant may be seen 
to drop the grain it has darned from the nest and pick up another 
one and take it ihto the burrow. This is not an aimless procedure, 
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for the ant carries into the nest the grains of sand which have 
become warm on exposure to the rays of the sun. These warm 
grains are carefully tucked around the eggs to incubate them; 
and when they cool, they are replaced with warm ones. 

The members of a colony are usually hostile toward members 
of other colonies, and they attack intruders. When one of their 
own is deodorized and placed in the nest, it is usually killed at 



Fio. 154. A cross section of an ant nest. Photograph of a Clay-Adams 

preparation. 


once. This is especially true if the ant is smeared with the juices 
of another species. If some members of a colony are removed and 
kept apart from the others for months, they are recognized by 
their fellows when they are again placed in the nest. 

There is considerable evidence to show that ants are capable 
of communicating with one another. When a worker finds a morsel 
of food which it camiot carry itself, it may hurry away and later 
return with helpers. Communications of this sort are usually 
effected by stroking antennae. One of the baffling experiences of 
the author with the Guiana leaf-cutter ant was the fact that at 
' the slightest disturbance along the trail, there would be a sudden 
appearance of myriads of huge-jawed soldiers which attacked even 
a gun barrel held in their path. The activities of these ants were 
carried on at night, and it was not possible to ascertain just how 
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these soldiers were notified to appear. Along the wide, beaten 
trails of the leaf-cutters and moving with the processions of bearers 
and empty-handed workers returning for another load were evil- 
smelling bugs which resembled the ants in form and color. Some- 
times as a worker came along with its leaf section held high we 
noticed that there were as many as thirteen smaller ants although 
usually less, on the section carried. These smaller forms seemed 

to be castes of the same 
species and may have 
acted in a useful capac- 
ity — perhaps as a recon- 
naisance outfit to keep on 
the lookout for enemies. 
The amazing strength of 
the worker which carried 
not only the leaf but the 
host of other ants sug- 
gests an unequalled power. 

The strength of ants is 
evidenced by their ability 
to carry or drag objects 
many times their own 
weight. You have often 
seen a tiny ant dragging a large fly. If an ant is held in a pair of 
forceps at the middle, it will cling to and manipulate a match 
stem that weighs many times more than the ant itself. Someone 
has said that if a human were as strong in proportion as the ant, 
he could hold a huge auto truck in each hand. 

Another astounding habit is told of one species that uses its 
young as shuttles. The legless larvae are capable of emitting a 
hair-like thread, and the adult workers hold these larvae between 
their jaws and stimulate the flow of the liquid which becomes the 
thread. The larvae are then moved back and forth, their threads 
being used to line the nest. 

Some ants hunt their victims in much the same manner as 
predatory mammalg search for food. The driver ants, visiting 
ants, or legionary ants of tropical countries travel in immense 
droves, devouring everything in sight. The author has observed 
the Brazilian species in u column several inches wide and in a 
steady, unbroken stream which moved for many hours. Every- 


Fig. 155. The Argentine ant (Iridomyrex 
humilis), 1. Female; 2. Worker; 3. Eggs, 
larva, and pupae; 4. Male. After Marlatt, 
courtesy Bur. Ent., U. S. Depit. Agric. 
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thing in the jungles runs before the advance of these voracious 
creatures which do not hesitate to attack huge snakes, jaguars, 
and even human beings. 

Most of the driver ants are blind. They have no permanent 
place of abode but adopt hollow logs or other places as temporary 
domiciles in which the new brood is reared. 

Some ants enslave those of a different species. They raid the 
burrows of their victims and carry the eggs and young to their 
own homes where the captured species perform the tasks of the 
colony. Here is a good lesson in sociology, and it emphasizes 
the need for all members of a society to perform some useful 
task. Some of these slave-making ants have had slaves for so 
long that during the generations more and more responsibilities 
were placed on the slaves until 
finally the master species not 
only have the slaves gather the 
food; but they ciicw it, swal- 
low it, and partly digest it. 

They then regurgitate this 
partly digested food and feed 
their masters mouth to mouth. 

When the master ants are 
placed in an artificial nest with 
an abundance of food, they 
starve unless their slaves are 
supplied to feed them. Incidentally there are myrmecophilous, 
or ant-loving, insects which live in ants' nests. Some oi these 
are symbionts while others are commensal. However, Janet 
(Fig. 20) reported a primitive Thysanuran, Atelura formicaria, 
which would sneak up while one ant was feeding another and steal 
the food as the one regurgitated it into the mouth of the other. 

The inquiline or guest ant which lives with Myrmica brevinodis 
remains in the nest, usually in burrows of its own construction, 
enters the burrows of the host, and climbs upon its back. It then 
seems to lick the body of the host ant, probably for the oily salivary 
. secretions with which the Mjrrmicas cover themselves when they 
clean one another. The process also seems to induce the host 
species to regurgitate some of its food which is greedily devoured 
by the parasitic house guest. 

. In the southern part of the Middle West there are ants which 



Fig. 156. The carpenter ant {Cam- 
•fxmotus). A. Female; B. Major worker; 
C. Minor worker. After Marlatt, cour- 
tesy Bur. Ent., U. S. Dept. Agric. 
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are known as honey ants (Fig. 157). In these, certain workers 
assume the rdle of storehouses, and the food gathered by the 
other workers is given to them by mouth-to-mouth contact. The 
receiving ants swallow this material, which consists of exudations 
from plants, until their abdomens become greatly distended and 
they look like blisters. These distended workers are attached to 
the upper surface of underground rooms, and their swollen bodies 
preclude mobility. They therefore remain together with the food 



Fig. 1 57. Honey ants. After McCook. 


safely tucked away in their bodies, free from robbing marauders. 
When the workers get hungry, they line up before these storage 
workers and are fed by regurgitation, mouth to mouth in true 
cafeteria style. 

Harvester ants are those which gather seeds of weeds and other 
plants and store them in underground granaries. If the granaries 
become flooded, there is danger of the seeds all germinating and 
the provender for the winter months would be lost. In such cases 
these ants arc said to bring the seeds to the surface where exposure 
to the sun dries tljeni off and thus prevents germination. These 
ants usually construct runways by removing all of the debris 
around the opening of the nest. 

Ants were among the first warriors, and sometimes war-like 
species advance in armies on the colonies of other ants. They 
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engage in bitter combat with their foes, and the manner of march- 
ing and attack would indicate a well-developed military discipline. 

In Texas and tropical countries, and in a few places in eastern 
United States, there are ants which cut circular sections of leaves 
which they carry over their heads. 

This habit has caused them to be 
known as leaf-cutters or parasol 
ants. The leaf sections are carried 
to the nest and chewed into a 
spongy mass. The spores of fungi 
are placed on the pulp, and the 
clubbed threads of the growing fun- 
gus (mold) are used as food. Some- 
times these ants will travel for great 
distances and completely defoliate 
trees in order to get material. The 
Texas ant ^iul the sections and 
drops them to the ground where 
other workers pick them up and 
carry them to the nest. The writer, 
in the Amazon jungles, has had these morium pluiraonis). A. Queen; 
ants cut sections from his shirts Worker. After Marlatt, cour- 
which had been hung up to dry, U. S. Dept. Agnc. 
and carry them away. They also stole cigarettes and rice from 
the food tent. The cigarettes were cut in three sections, and each 
worker carried away a section in its jaws. 

The nurturing of aphids by ants has been discussed under symbi- 
oses, but there arc other myrmecophilus insects to be found in 
the nests of ants. In some tropical and native species, small 
becitlcs ar(5 kept for useful purposes. On the abdomens of these 
beetles are hair tufts which conceal glands from which there 
exudes a liquid which th(^ ants seem to enjoy. These beetles are 
carefully protected and fed by their masters, the feeding usually 
being done from the mouths of their hosts. Sometimes the ants 
capture small rove beetles (Staphylinidac) which they keep in their 
nests as scavengers. Tluvse beetles keep the nests clean. 

However, not all guests in the ant colony a$e beneficial to their 
hosts. Some intruders kill and devour the eggs, larvae, and pupae 
of the ants. Then too, internal and external parasites exact a 
tremendous toll. Mites arc common external parasites of ants. 



Fig. 158. Little red ant (Mono- 
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The student is urged to study carefully any ant colonies in the 
neighborhood and to observe their activities. A large magnifying 
glass is useful in these studies. Original observations and dis- 
coveries are much more interesting than bookish accounts. A 
thorough knowledge of ant societies is of great sociological value, 
and the student may comprehend significance in the biblical say- 
ing, ‘'Go to the ant, thou sluggard.^' Many activities of ants can 
be observed in artificially constructed nests such as tliose shown 
in Fig. 233. 

The worki' of Wheeler, Forel, Reamur, and others should by 
all means be read. 
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CHAPTER XV 


THE FISHES OF CREEKS, RIVERS, BROOKS, PONDS, 

AND LAKES 

Everyone expects to find fishes in fresh water, whether it be 
lake, river, creek, or pond; and he usually does find them if other 
animals or plants are present. There are many kinds of fishes — 
large and small, long and short, thick and thin, deep and shallow, 
wide and narrow, toothed and toothless, scaled and sealoless, 
sharp-nosed and blunt-nosed. Like all other animal groups, the 
fishes have their habitat preferences; and each species is more or 
less indigenous to a certain type of environmental situation. In 
the Great Lakes, with their innumerable bay and shorci conditions, 
as well as stream sources, nearly every kind of northern fresh-water 
fish is found. Of course there are exceptions since certain kinds 
inhabit running water only; but even these, having been washed 
into the lake by flooded streams, are sometimes found. 

Within a lake the species are distributed according to depth, 
currents, temperature, and other conditions. In the shallow waters 
along the beaches one, finds the skip-jack and the minnows; the 
perch aiid sunfish forage in the bays where water plants abound; 
the gar pike or pickerel and the dogfish or bowfin {Amia calva) 
move from place to place, feeding upon the smaller forms among 
the aquatic vegetation; the catfishes lie on muddy bottoms; the 
blue pike, bass, sturgeon, white fish, and muskellunge inhabit the 
deeper waters off shore ; the lampreys move about in all situations, 
looking for unfortunate victims to attack. The lamprey (Petromy- 
zonidae) (Plate XVI) with its oral suction disc, which has cir- 
cles of sharp teeth around it, attaches itself to a fish and sucks 
its juices. This animal, which is frequently called an eel, has a long, 
tapering, eel-like ^dy with transverse gill slits along the sides of 
the neck near the nead. The lamprey is not a true eel, nor is it a 
true fish, although it haa some of the characteristics of both eels 
and fishes. It usually breeds in small streams to which both sexes 
migrate from large lakes. The eggs are deposited in an excavation 
in the bottom of the stream and then covered with sand. The 
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excavations are made by violent movements of the body, the 
snout and tail being used. 

While detailed discussions of all fresh-water fishes would be 
impossible in a work of this kind, there are certain adaptive 
features of fishes in general which show fitness to a specialized 
habitat. Then, too, there are some kinds that inhabit a large 
section of the United States; and since these are likely to be en- 
countered, many of them are dealt with in this treatise. 

That fishes are cold-blooded animals is well known, and their 



Fig. 1;59. External features of a fish. 1. Mandible; 2. Maxillary; 3. Nostril; 
4. Opercle or ^ill cover; 5. Anterior dorsal fin; 6. Posterior dorsal fin; 7. Caudal 
or tail fin; 8. Lateral lino; 9. Anal fin; 10. Anus; 11. Ventnl fin; 12. Pecto* 1 fin 
or arm fin. Courtesy Gen. Biol. Supply Co. 

temperatures vary with the medium. Some of the northern fishes 
may be frozen in the ice and yet become active again when the 
ice thaws. The species which prefer cool water descend to deeper 
waters in warm weather. However, there arc warm-w^ater fishes 
and cold-water fishes even among our native forms. The brook 
trout requires comparatively cold water (not above 25®), wdiile sun- 
fishes and bullheads thrive in shallow, sun-beaten ponds. As a 
rule, fishes are protectively colored; and many of them resemble 
the bottom of the pond or stream. Others are mottled or striped 
in such a w^ay as to be inconspicuous among wa*cr plants; and in 
nearly all cases the dorsal surface is dark colored and blends wdth 
the coloration of the water. Countershading is characteristic of all 
fishes, the, darker back harmonizing wuth the dull bottom. Tlie 



Plate XIV. Salamanders. A. Siren; B. Hellbender (Cryplobranchus)-, 
C. Mud puppy or water dog {Necturus ) ; D. Congo eel {AMphiuma ) ; E. Axolotl 
{Amby stoma,). Rediwra by courtesy of the Gen. Biol. Supply Co. 
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white underside or ventral surface is light so as to be less con- 
spicuous from below when silhouetted against the light at the 
surface. Many fishes, especially marine species (such as the 
flounder), even change color so as to be obscure when they move 
from one kind of situation to another. 

The body form of nearly all fishes is spindle-shaped anc typifies 
the almost ideal stream-line form, offering the lea^t possible re- 
sisting surface to the pressure of the water. A smooth, slimy 
covering reduces the friction between the body and the medium. 
The laterally flattened bodies of many of them, such as sunfishes, 
mak(^ it easier for them to move about among the dense growths of 
bottom plants. The external features of a fish are shown in Fig. 159. 





Fio. 100. The lof?-percli {Percina caprodes semifasciata). 

Most fishes possess teeth which occur in several rows. They are 
of value to the icthyologist in determining species, but to the 
amateur they are difficult to interpret. The tail or caiidal fin k 
the chief organ of locomotion, the body beiiding with each move- 
ment of the caudal fin so that me Hexions of the tail are most 
offici('nt. Tlie tail or caiulal fin is a variable structure. Sometimes 
it is a deep ‘‘V” as in tlu^ minnow (diphycercal), rounded as in the 
stickleback, and truncated as in the millcr^s thumb (homocercal). 
In the sturgeon and shark, the upper fork of the tail is considerably 
longer than the lower fork (heterocercal). There are three distinct 
sets of fins in addition to the caudal fin. The pectoral fins are 
located on the sides, back of the gill plates and just below the 
median line. They are used as oars only when the fish is movmg 
slowly. They also assist in steering when quick turns are necessaiy. 
The ventral fins arc on the underside of the body back of the 
pectorals. In some cases, notably in stream forms such as the 
darters, these are modified so as to anchor the fish to the bottom 
and to hold it stationary in a current. Both the pectoral and ven- 
tral fins are used primarily for balancing. The armored catfish and 
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some of the South American gobies use their ventral fins for 
crawling about on the mud fiats at low tide. The fiying fishes have 
greatly enlarged pectoral fins which serve as planes for gliding 
through the air, and the climbing perch uses its ventral and 
I)ectoral fins for climbing. Some tropical fishes have the dorsal 



D. 


Fig. 161 . Types of scales of the log-perch. A. Typical scale of the log-perch 
from the caudal region of the body; B. Scale taken from the lateral line region 
about the middle of the body; C. Scale from the opercular region of the body; 
D. Scale showing two completed annuli and a marginal grow'th; E. Regenerated 
scale found on the log-perch. After Will, Proc, Penn. Acad. Sci. 

fork of the caudal fin elongated into a spine, while the ventral 
fin in others is similarly extended into a long, single quill. The 
anal fin is a single fin on the ventral median line before the anus. 
There are one or two dorsal fins; an anterior spinous fin and in 
some species, a soft posterior one is present. These, too, are 
frequently modified as in sailfishes and in sticklebacks, being large 
and sail-like in the former and having erectile spiny protective 
rays in the latter. The stinging organ of the catfish is located in the 
anterior dorsal fin. The dorsal fins serve to offer a vertical surface 
which, with the water pressure on both sides, helps to keep the 
fish in an upright position. 
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These adaptations and others can be tested experimentally in the 
home or laboratory aquarium. The back is the heaviest part of a 
fish; and it would, therefore, tend to turn over; but with the aid 
of the balancing pectorals and the ventral fins, the dorsal fins help 
to maintain equilibrium by offering an increased vertical surface. 
If the dorsal fins are clipped off, the animal can maintain an up- 
right position only with an excessive use of the pectorals. Similarly 
if the pectoral fins are removed, the head sinks, since the anterior 
end of a fish is heavier than the posterior end. If the pectoral fins 
are removed from one side, the fish leans toward that side. If all 
of the pectoral and ventral fins are cut off, the animal turns over 
on its back. The fact that an injured fish turns on its back is an 
indication that the mechanical efficiency of the fins is not in itself 
sufficient to keep the fish in an upright position. Some effort is 
required on the part of the fish. 

Most fishes are covered with scales which overlap each other. 
The posterior edge of the scale bears a row of teeth or ctenii by 
which the scale is attached. Scales of this sort are called ctenoid 
scales. The majority of our frosh-water fishes have ctenoid scales; 
but the sturgeon has bony plates in the place of scales; a few, the 
true minnows and the catfishes have no scales at all. The growth 
of the scales is indicated by a series of concentric rings, and it has 
recently been proved that the ago of a fish can be definitely deter- 
mined by those rings of growth (Fig. 161). 

Breathing in fishes is effected by means of pinkish gills which 
are concealed beneath the opercular or gill covers. The* gills are 
richly supplied with blood capillaries which give to them theii 
pinkish color. An exchange of gases takes place between the blood 
and the surrounding water through the delicate membranes wdiich 
enclose the gills, by osmosis. Water is taken in through the mouth 
of the fish and forced over the gills and discharged through the 
opercula. In purchasing fish in markets, the freshness can be 
judged by the gills, which arc light pink or red if the fish has been 
recently caught and dark red if it has been out of the water for some 
time. The parasitic glochidia (larvae) of mussels and also copepod 
crustaceans are frequently attached to the gills. 

One of the most remarkable organs of fisSies is the swim bladder 
which most of our species possess. This rather large, hollow, 
transparent, dirigible-like, air-filled bladder is an outgroW' th of the 
alimentary canal with which it is connected in many species such 
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as the carp, salmon, and eel; but its connection has been lost in the 
bass, perch, and cod. The swim bladder is situated between the 
alimentary tract and the vertebral column, as a rule. The func- 
tions of the bladder are several, its chief function being suggested 
by its name. It serves as a hydrostatic organ; and by changing the 
specific gravity of the fish, it enables the animal to sink, float, or 
remain suspended in the water at any depth. In some species it 
also serves as a storage for a reserve supply of air which can be 
drawn upon under unfavorable conditions. It has been shown that 
an excess of carbon dioxide in the water causes a surplus in the 
swim bladder, and the animal is automatically forced to the sur- 
face where the oxygen supply is the most abundant. Recent 
investigations have shown that the swim bladder is a sound- 
producing organ in some fishes, while it has long been supposed to 
function as an accessory auditory organ in other species. 

The eggs of some fresh-water fishes are heavy and sink to the 
bottom where they lodge among the gravel (salmon, trout, suckers, 
some minnows, and lampreys). In catfishes and miller ^s thumb, 
the eggs are cohesive, being held together and to objects by a 
sticky covering. The goldfish lays sticky eggs that are attached 
singly to plants. The perch and gar pike suspend their strings of 
eggs on plants. The eggs of sticklebacks are attached to the nest 
by adhesive, mushroom-shaped processes; and the skip- jack eggs 
have long filaments on them for attachment to plants. Some 
oceanic fishes produce floating eggs. Some South American cat- 
fishes carry their eggs in their mouths, and others carry them 
attached to the ventral body surface. Some African and South 
American fishes carry their eggs and young in their mouths and 
gill chambers, and the blind fishes of North America keep their 
eggs in the gill chambers until they hatch. There are many fishes 
in the world that retain their eggs until the young are hatched and 
even until the yolk is completely absorbed by the young, growing 
fish. Living young are thus produced. A number of southern 
cyprinodont fishes in the United States have this habit. 

While there are many fishes which bring forth living young, all 
of our northern, native species are oviparous and produce eggs. 
The eggs of fishes are usually fertilized by the males after the 
females have deposited tjiem. The egg laying process is called 
spawning, and the process of egg laying is often accompanied by 
violent and interesting behavior. The actions of the sexes are 
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quite variable in the different species. The male, however, usually 
follows the female closely, frequently going through weird dances 
while the female is laying the eggs. After the eggs have been laid, 
the male swims back and forth over them, depositing the milt 
containing the spermatozoa on them. In the commercial propaga- 
tion of fishes, the fishes are taken just before they spawn. The 
females are stripped of their eggs which are removed by gently 
squeezing them through the anal aperture. The milt of the males 
is secured in a similar manner. The eggs are placed in a tub, and 
the milt is poured over them. The eggs are then stirred so as to 
thoroughly mix the eggs and the milt and to insure the fertiliza- 
tion of each egg. The tail of a fish is usually used as a stirrer. In 
this way a much greater percentage of the eggs are fertilized than 
would ordinarily be the case in nature. It is therefore an improve- 
ment over nature^s way. 

Since there are currents (and enemies) in all bodies of water, 
every species of fish attempts to establish some definite nest in 
which to place the eggs and thus prevent their being scattered or 
washed into unfavorable places. By keeping the eggs together in a 
nest they can be more easily concealed or guarded. These nests 
vary with the species and will be discussed in connection with the 
kinds of fishes that are included here. 

The senses of fishes are not entirely understood. The sense of 
flight is well developed, and the pupils of the eyes are large since 
they live where light is* not abundant, as a rule. The eyes are 
located in such position as to make the scope of vision large. In 
free-swimming forms the eyes are on the sides of the head. In 
bottom species they are nearer the top of the head. In a tropical 
fish that lives at the surface of the water, the eyes are divided into 
two pairs — one pair for looking down through the water, and the 
other for looking upward through the air. Fishes are sensitive to 
light through their body surfaces, also, because of the presence of 
light receptors in the skin. Among fishes there are diurnal and 
nocturnal kinds. The latter rest under objects such as stones, 
logs, and ledges during the day in order to escape the light. Other 
8i)ecies are active d\|jing the day. A pair of nostrils is present on 
all fishes, and the sense of smell is used in discriminating among 
foods to some extent. It is doubtful if the sense of taste is highly 
developed since fishes usually capture and swallow their food 
quickly, although they frequently spit out food which they some- 
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times take by their usual quick, indiscriminatory, gulping move- 
ments. 

There is no doubt that fishes hoar. In fact they are very sensitive 
to sounds. In a large number of our fresh-water fishes the air 
bladd(^r is connected with the car by a chain of bony ossicles. In 
others the swim bladder comes in contact with the skin just behind 
the head. The intercostal muscles are not developed at this place, 
and a simple tympanum is thus formed. Through this sounds are 
perceived. Vibrations of lower frequency are perceived through the 
so-called lateral line organs, as indicated elsewhere. 

The food of fishes is variable. Some eat only active, living ani- 
mals, while others are scavengers and feed upon all sorts of organic 
material. Many of them i)rey upon other fishes, and some of these 
will even eat birds and mice. Sharks, barracudas, and pc'rani will 
even attack man. Some species feed at the surface whore they 
devour the minute plancton organisms, and some of them capture 
floating insects. Some of tlu^se will leap from the water to capture 
insects flying over it. The cat fishes and suckers are bottom feeders 
and never rise for food as do the bass and trout which range through 
verti(;al depths in search of food. Worms, crustaceans, insects and 
their larvae, mollusks, frogs and tadpoles, salamanders, other 
fishes, and waste matters constitute the food of the various fresh- 
water fishes. The young of most species have different feeding 
habits from the adults of the same species. The minute Crustacea, 
such as cladocerans, ostracods, amphip)ods, and copepods, serve as 
the food of most young fishes. A number of them devour diatoms. 

It has already been stated that certain kinds of fishes" are in- 
digenous to still water while others can only be found in streams. 
Among the more common pond fishes are the bullhead, catfish, or 
horned pout {Ameiurus nehulosus)]t\ie common sunfish (Eupomotis 
gibbosus); and in comparatively fresh ponds, the stickleback 
{Eucalia inconstans). In the cold streams the trout is characteristic. 
In small, rapid creeks, the minnows (blunt-nosed dace, horned 
dace, black-nosed dace), shiners, darters (rainbow darter, johnny 
darter), and the blob or miller ^s thumb are the ones usually found. 
In the larger creeks and rivers are catfish, suckers, bass, carp, 
perch, muskellunge, and pickerel (Plates X\* XVI, XVII, XVIII, 
XIX). 

The sunfish (family Centrachidae) constructs a nest among the 
weeds when these are present or makes a depression in the sand 
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with its snout and tail. A .sandy-bottomed pond in summer will 
usually reveal numc'rous circular depressions in v/hich the eggs are 
laid. The male stands guard over the nest and drives away all 
other fish which venture too close. The common simfish, which 
is the commonest of the sunfishes, has a green back; the sides are 
flecked with blue. Dull, faint, olive-green cross bars are visible 
on the sides, and there is a bright red spot on the gill cover near its 
edge. The ventral fins of the male arc black, while those of the 
female are yellowish. Other species of sunfishes with habitats 
somewhat similar to those of the common sunfish are the long- 
eared sunfish (Xenotis megalotis); red-bellied sunfish (Lepomis 
auritis); the green sunfish (Apomotis cyaneUm)) the bluegill (//e- 
lioperca incisor)] and the rock bass {Amhloplites rupestris)^ which 
is very common in the Allegheny Mountain section. 

The male small-mouth black bass (family Centrachidae) builds 
the nest alone and then drives the female away after she has 
deposited the in it. There arc two kinds of black bass — the 
larg('-mouth and the small-mouth. Both are excellent game fishes. 
They are both quite generally distributed; and they abound in 
lakes, rivers, fresh ponds, and creeks. 

Contrary to their names, neither species is black. They arc both 
greenish on the back and sides, and the intensity of color varies 
considerably. Indistinct cross markings of black are often present. 
The small-mouth does have a smaller mouth than the large-mouth, 
and the angles of its jaws do not extend back of the eyes as they 
do in the large mouth. The black bass feeds upon moving animals 
such as crayfish, worms, frogs, and other fishes. The larg. mouth 
bass attains a length of thirty inches and sometimes weighs eight 
pounds. The small-mouth bass seldom reaches more than tw enty- 
four inches. 

The yellow perch (Perea flavescens — family Perddae) is one of the 
most abundant of eastern fishes, being found in ponds, lakes, and 
streams almost everywhere. Its eggs are laid in strings w hich are 
suspended from w^ater plants among which it is commonly found. 
The perch may easily be recognized by the bright yellow' of its 
sides which have dorso-ventral bars of black, and by the orange- 
colored fins. The back is a yellowish green. The cross bars on the 
sides are of protective valiu^ in that they resemble shadows cast 
by the stems of water plants. When resting, the perch usually 
takes advantage of its protective coloration by remaining motion- 
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less with its side against the stem of a plant. The perch seldom 
reaches a foot in length. 

The stickleback (family Gasterosteidae) is a quick-moving, 
pugnacious little fish which follows other fishes in the aquarium 
and keeps nipping off their fins until they arc rendered almost 
helpless. Minnows and small sunfish lead a miserable existence in 
the tank when sticklebacks are present. The stickleback is seldom 
more than four inches long. The anterior dorsal fin has hard, 
sharp, horny rays which can be locked in an erect position and 
which protect the fish from being eaten by birds and larger fishes. 
The number of rays in the dorsal fin is variable according to 
species, being two, three, nine, or fifteen in the more common 
kinds. 

The stickleback is yellowish green on the back and greenish 
yellow on the sides. The underside is a feeble yellow. The stickle- 
back makes a rounded nest composed of the twisted stems of 
plants glued togetiier by a secretion from the kidney of the male. 
The nest is usually attached to submerged plants and above the 
bottom. The nest is about an inch in diameter, and the entrance 
is on the side. The male constructs the nest; and when it is com- 
pleted, the female enters. When the female emerges after laying 
the eggs, the male goes in and fertilizes them by discharging the 
seminal fluid on them by swimming back and forth over them. 
After fertilizing the eggs, the male emerges; and he assumes 
responsibility for the safety of the eggs and young. He guards the 
nest by swimming around it just as he did while it was occiiuied by 
the female. During this time the male is very pugnacious, and he 
does not allow any other fish to get near the nest. 

Tlie bullhead, catfish, or horned pout (family Siluridae) is a 
bottom feeder, inhabiting ponds, streams, and lakes with muddy 
bottoms. It is slimy and scaleless, and it is easily recognized by 
the long barbels or whiskers around the mouth. The barbels are 
tactile structures which are highly specialized for recording con- 
tacts. Catfishes must be handled with caution, as most fishermen 
know. They can inflict poisonous and painful lacerations with 
their stings which are the front edges of their pectoral fins. There 
are several species of catfishes, the smallest being the mad tom 
(Schilbeodes gyrinus) which has a length of three inches, and the 
black bullhead which attains a length of about six inches. The 
bodies are wide and somewhat flattened, and the heads are blunt 
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and rounded. The mouth is quite large and sub-terminally located. 
Certain tropical catfishes weigh considerably more than a hundred 
pounds, and the Mississippi channel catfish weighs upwards of 
fifty pounds. The pond species attach their yellowish eggs in 
masses to submerged objects; and when hatched, the young 
frequently remain together in a compact, rounded aggregation 
which moves slowly en masse. If the coal-black young are sep- 
arated, they immediately migrate back together again. Sometimes 
nests are made; these are shallow excavations in the bottom. 

In addition to the perch and the wall-eyed pike, the perch 
family {Percidae) contains some of our most interesting and lesser- 
known fresh-water fishes. The darters,^ or ‘'stone gliders,^' belong 
here. All of them are inhabitants of rapidly flowing creeks where 
they lurk under or among the stones. Their movements are very 
swift, as the collector of stream life knows. When a stone is lifted, 
the darter makes a rapid dart and disappears under a nearby 
stone. It seldom swims more than a few feet in a single journey. 
The darter lives on the bottom where its sub-inferior mouth and 
slightly decurved snout are adapted to bottom feeding. Its large, 
well-developed, and expanded ventral and anal fins hold it in 
position on the bottom against the flow of current. There are 
several species of darters, , the commonest being the Johnny darter 
which is slightly less than three inches in length. It is colored a 
pale olive-brown. The rainbow darter is much lighter in color, and 
its sides reflect a rainbow hue in bright light. All of the numerous 
species of darters arc confined to the bottoms of creeks and cool 
lakes, and they are never seen suspended in the water. Some of 
them live in sandy bottoms where certain species bury themselves 
in the sand, leaving their protruding eyes exposed. Some species 
attach their eggs to the upper side of rocks, although most of them 
attach their eggs to pebbles in shallow excavations. 

The blob or miller^s thumb {Cottus bairdii) is also an inhabitant 
of small, cool brooks where it lurks under stones during the day. 
When resting on the bottom, the blob resembles a brownish tad- 
pole. The head is extremely large for a fish of five inches; and it is 
flattened like a mill^'s thumb — hence its name. Unlike the darters, 
the blob lacks scales; but there are spiny processes behind the 
front fins, and the head is rough and almost warty. Jordan calls the 

^ The darters have recently been placed in the family Etheoaieidae, where they 
properly belong. 
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miller’s thumb a blob or sculpin and includes it in the family 
CoUidae. The salmon-pink eggs, which are also large for a small 
fish, are laid in grape-like clusters on the undersides of stones in 
swift water. Usually the male loiters in the vicinity of the eggs 
until the young are born. 

The minnows belong to the family Cyprinidfie, which also in- 
cludes the carp and goldfish. There are many species of minnows 
scattered throughout North America, and all of them are scaly. 
They frequently have black spots on their gills and skin and some- 
times in the fins. These arc embedded parasitic larvae of the mus- 
sels, and they must not be confused with color markings. The 
common types of minnows are: the black-nosed dace (Rhinicthys 
atronasus), which is a small minnow about two and one-half inches 
long. It inhabits the smaller streams. It is marked with a broad, 
black band which extends from the tip of the snout along the sides 
of the body to the tail, separating the dull olive-green of the back 
from the silvery white underside. The jaws are short, giving the 
head a blunt appearance. 

The horned dace {Semotilis (dromaculcUus) is a stream form 
associated with the black-nosed dace. It is a dusky color with an 
almost bluish tinge and conspicuously marked with a large black 
spot at the base of the dorsal fin. In the males, this spot is usually 
bordered with red. During the breeding season, which extends 
from May to July, the heads of males are orange-colored and 
covered with little, horn-like growths called ‘‘pearl organs.” The 
male builds the nest which is a shallow pit walled with sms ' stones. 
The stones arc pushed into position with the head, and ine nest 
is usually located in the ripples. When the nest is finished, the 
female enters, lays her eggs, and leaves. The male stands guard 
until the eggs hatch. This species is sometimes called the riffle 
chub, and it may reach a maximum length of twelve inches, al- 
though individuals of this size are extremely rare. 

The blunt-nosed minnow (Hyborynchus notalus) is seldom more 
than four inches long. It is olive-green on the back and bluish 
on the sides. The underside is silvery. There is a black spot at 
the base of the dorsal fin and another at the base of the caudal 
fin. This minnow is also called a chub. 

The shiner or redfin (Notropis comutus) is an abundant species 
in most small streams. It is a deep olive -green on the entire 
back and a shining silvery white below and on the sides. Its 
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sides glisten in the sunlight. In the breeding season the fins of 
males are bordered with red, and the back is an iridescent blue. 
The sides reflect rainbow colors in bright light. The species is 
from five to eight inches long. It breeds in May or June, and the 
nest is a hollow basin made in the middle of the stream. 

The red-bellied dace (Chrosomus erythogaster) is the most highly 
colored minnow in the United States. The belly and the bases of 
the vertical fins of males are bright red during the spring mating 
season. This species is abundant west of the Allegheny Mountains 
as far as Colorado. 

Among the Cyprinidae there is a curious fish known as the 
stone roller {Campostoma anonialum). It is quite generally dis- 
tributed over the United States from New York to Wyoming 
and southward to the Rio Grande River. It is brownish above 
with a bronze luster, and the scales are slightly mottled. There is 
a black verti^sl bar back of the opercle. The dorsal and anal fins 
each have a dusky bar across the middle. In the spring, the fins 
of the males arc orange in color, and the females have rounded 
tubercles on the head and body. The species is from four to eight 
inches in length, and it inhabits small streams where it rests 
among the pebbles on the bottom. 

The chub or fallfish (Leiicosomus corporalis) is the largest mem- 
ber of the Cyprinidae east of the Rocky Mountains. It is an in- 
habitant of the ripples in from small to moderate-sized streams. 
The single dorsal fin is situated midway between the no.'rtrils and 
the tail or caudal fin. The fins are plain, and the dorsiV surface 
of the body is bluish brown above while the sides are silvery. 
The species attains a maximum length of eighteen inches, although 
they usually average five or six inches. It is an edible species 
familiar to the average country boy who fishes in the shallow 
creeks. . . 

The brook trout, speckled trout, or charr {Salvelinus fontinalia) 
belongs to the salmon family (Salmonidae), It is one of the most 
beautiful of American fishes, and it has quite a reputation as a 
game fish. The trout is almost scaleless in appearance although 
it is entirely covered with fine embedded and invisible scales. 
The body is a mottled olive green, covered with spots of gray and 
scarlet. The underside is reddish in males, and the fins are mottled 
or barred; the first ray of the ventral fins is orange. 

The trout is an inhabitant of clear, cold streams only. It pre- 
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fers shaded sections where it lurks under rocks, darting out rap- 
idly to capture a floating insect or a swimming larva. The food 
of the trout consists of caddis fly larvae which it extracts from 
the cases, stonefly and May fly larvae, and other aquatic insects. 
The caudal fin is forked in young trout but lunate in adults. 
The species attains a length of twenty-four inches. In streams 
which become considerably warmer in the summertime, the brown 
trout has been introduced. The brown trout will withstand higher 
temperatures and a lower oxygen content than will the brook trout. 

The white sucker (family Catostomidae) is a common fish in 
rivers, and its food value is underrated. It is readily identified 
by its round, sucking mouth which is located well under the head. 
The sucker has the usual stream colors; but in the breeding season 
the male has rose-colored fins. In some species the bodies are 
covered with small tubercles in the mating season. Suckers are 
bottom feeders, and they attain a length of 18 inches. No teeth 
are present. There are numerous species of suckers in the Unitt'd 
States, including the buffalo fish of the Mississippi valley which 
weigh up to 50 pounds, the carp suckers, and the fine-sealed suckers. 

The common gar pike or long-nosed pike (Lepisostetus osseus) 
is an abundant resident of lakes and large streams throughout 
the eastern United States, ranging as far south as Louisiana and 
Florida. It is the bane of sportsmen and commercial fishermen 
because it destroys many game fishes, especially in their early 
stages. The gar has a long, narrow snout which is more than twice 
the length of the head. It is a yellowish olive color, with the ver- 
tical fins and the posterior part of the body covered with black 
spots, although the coloration is somewhat variable. There is a 
short-nosed gar which differs from the common gar in having a 
much shorter snout. The bodies of both are sub-cylindrical and 
slender. Both species are covered with bony scales almost Hke 
those of the ganoid fishes (sturgeon). They belong to the family 
Lepisosteidae. A huge gar known as the alligator gar attains a 
length of almost ten feet. It is covered with large, enameled 
scales. It is found in the Mississippi valley as far north as southern 
Ohio. All of the gar#are inedible. 

Another worthless fish as far as food is concerned is the bowfin 
or dogfish {Amia calva) which is abundant in many sections of the 
United States. It is an enemy of valuable fishes, but in many 
respects it is one of our most interesting species because of its 
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primitive nature. The females are larger than the males and may 
attain a length of 30 inches. The males seldom exceed 20 inches. 
The bowfin is dark, brownish olive with black spots under the 
head. There is a large, black spot on either side near the base 
of the caudal fin. Greenish lines are also visible on the body. 
The head is subconical and covered with a bony helmet. The 
body scales are hard and thick. The bowfin inhabits swamps, 
lakes, and rivers. It belongs to the family Amiiddc in which there 
is but a single species. The flesh is inedible. 

The common pickerel or chain pickerel {Esox niger) belongs to 
the family (Esocidae) in which the muskellunge is also included. 
The pickerel is an inhabitant of streams, lakes, and large ponds 
throughout the eastern section of the United States. It lurks 
among the weeds and water lilies; and in some places it is called 
the grass pike. It is an admixture of green and brown with a 
yellowish cast on the sides and back; but it is somewhat paler 
beneath. The body is long and slender in comparison with the 
short, thick, and deep body of the bass with which it is frequently 
associated. The lower jaw protrudes slightly, giving the species a 
melancholy appearance. The pickerel is an excellent game fish, 
and it feeds mainly upon other fish and frogs. The maximum 
length of the pickerel is slightly more than two feet. 

The muskellunge (Esox masquinongy) is the largest game fish 
in fresh water, with the exception of the sturgeon which is rather 
scarce. It attains a length of four to eight feet or more and may 
weigh up to a hundred pounds. The lower jaw protrudes a little 
more than in the pickerel which it resembles in color. The 
''muskie'' is a favorite with the fishermen of northeastern United 
States, although its distribution is somewhat limited. 

The true eel (family Anguillidae) is a snake-like fish which lives 
in fresh water up to the time of breeding, when it migrates into 
salt water from which the adults never return. The migration of 
eels constitutes one of nature's most spectacular and enigmatical 
phenomena. When full grown, a fresh-water eel is about three 
feet long as a rule, although the female may reach a length of 
five feet. It lives db the bottom of ponds and streams where it 
feeds upon almost anything from smaller fish to waste niatter. 
After six or eight years In fresh water, the adult eels migrate 
down stream and into the ocean where they go directly to the 
warm seas in the region of the Virgin Islands. In the vicinity of 
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these islands mating takes place. The eggs are spawned in deep 
waters, and they hatch into transparent, floating larvae which 
drift near the surface for almost a year. Then they get caught 
ill the Gulf Stream and are carried northward. As they approach 
the coastal regions of North America they develop the true eel 
characters; and the young ones, measuring only a few inches, swim 
into the mouths of the fresh-water streams and begin their inland 
migrations, traveling at night and resting during the day. Only 
the females make the journey to the headwaters, and they are 
found at an altitude of 8000 feet in Colorado. The males remain 
in the lower sections of the streams. After the normal period in 
fresh water, the oceanic migration starts all over again. The adults 
probably die after mating. Even the European eels migrate to 
the West Indies to breed. 

State and Federal Bureaus of Fisheries have published numerous 
bulletins whi'*b deal with the various species of fishes, especially 
the game and commercial kinds. The manufacturers of fishing 
equipment and artificial bait also have interesting circulars and 
handbooks which give the species and the habits of many kinds 
of fish throughout the country. From these sources the student 
can ascertain additional data about the fishes indigenous to the 
region in which he lives. 

The characters by which fishes are identified, in addition to size, 
teeth, and coloration, include: the number of fins; number of rays 
in the fins; size of the eyes; length and depth of the head: nature 
of the scales (ctenoid, etc.); attachment of the scales; the i lumber 
of scales above and below the lateral line; the number of scales in 
the dorsal row between the dorsal fin and the head; length of the 
maxillary and mandible; and internal characters such as the length 
of the intestinal tract; skeleton; swim bladder; etc. 
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CHAPTER XVI 


THE AMPHIBIANS: FROGS, TOADS, AND 
SALAMANDERS 


The class Amphibia includes the frogs, toads, newts, and sala- 
manders. They are cold-blooded (poikilothermal) vertebrates, 
4. many of which spend a portion 

of their lives in water and the 
rTO other portion on land; hence 

2 * \ /jry / f; their name. Amphibia, which 

3. If I) means double life. Theamphib- 

y 11 \\ ians differ from the reptiles in 

1/ 111 ^ great majority of them 

Ml j J are hatched in the water or in 

ul very moist places, and all of 

/ ^ them breathe by means of gills 

/ nT * in their larval stages. Some 

I — V-io. adults have lungs and some re- 

I { j- tain gills. Others breathe en- 

l j I tirely through the skin. Their 

\ I J ’ skin is usually smooth and 

) < \ i slimy, although certain forms 

J I I such as the toads have rough, 

' dry skin. Nearly all of them, 
Iz however, have mucous glands 

skin which keep it moist; 

^ ^ 15- and only one group, the Caccil- 

Fig. 162. External features of a j^ns, shows any evidence of 
frog. 1. Hand; 2. Forearm; 3. Upper i t i 

arm; 4. External nares; 5. Brow spot; Scales. In these the scales are 

6. Inner finger; 7. Tympanic mem- embedded in the skin and can 
brane; 8. Plica or dorso-lateral dermal only after careful dis- 

skin folds; 9. Anus; 10. Thigh; 11. ,. rrn. -r 

Shank; 12. Foot; 13. PrehaUux; 14. section. The Caecilians are 

Web; 15. Toe. Couitesy Gen. Biol, primitive amphibians which 


Supply Co. 


suggest one of the intermediate 


stages in the derivation of the Amphibia from the fishes. In the sal- 
amanders and frogs, respiration is largely effected through the skin. 
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The Amphibia are intermediate between the fishes and reptiles. 
Their remarkable metamorphoses, in which the transition from 
truly aquatic to terrestrial adaptations can be seen, make their 
life histories extremely interesting. These transformations reveal 
one of the courses of evolution. In a few short weeks, from the 
hatching of the egg into the gilled, fish-like larva until lungs and 
legs have developed, we can see the recapitulation of thousands 
of years of phylogenetic progress. 

The Amphibia are grouped into two principal orders: (1) Caw- 
data, which includes the tailed forms such as newts and sala- 
manders; and (2) Salientay into which are grouped the frogs and 
toads, which have short, stout, tailless bodies and long hind legs. 

The Salamanders. There are seven families of tailed amphibians 
in the United States as follows: 

(1) Cryptobranchidaey with one American representative, the 
hellbender (Cryptobranchus alleganiensis) which has a rather wide 
but somewhat discontinuous distribution throughout eastern 
United States. 

(2) Ambystomidae, with four genera and 14 species, among them 
the tiger salamander, marbled salamander, spotted salamander, 
and Jefferson’s salamander. 

(3) Salamandridae; or PleuroddidaCy the newts, with one genus 
and four species. 

(4) AviphinmidaCy the “Congo eel” of the Gulf coast and Mis- 
sissippi valley; two species (Plate XIV, Fig. D). 

(5) Plcthodontidaey the lungless salamanders, including the com- 
mon dusky salamander and other very common forms. 

(6) ProieidaCy which includes the “water dog” or “mud puppy” 
(Ncctiirus maculosus), 

(7) Sircnidae, two genera and three species of permanent larvae 
with anterior appendages only. The sirens (Plate XIV, Fig. A) 
of the Southwest are the only American members of this family. 

The newts and salamanders constitute a large and somewhat 
commonly found group of the Amphibia. These are lizard-like 
or alligator-like in appearance, having four short legs and prom- 
inent tails. While most of them lay their eggs in fresh water, there 
are some which deposit their eggs on land under logs, stones, or in 
excavations. The eggs of some aquatic species, with their ge- 
latinous enveloj^es, frequently resemble frog eggs, and they are 
laid in strings or clusters, according to species. The larvae are 
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born with external gills. Balancers are present in certain forms. 
In their development, the front legs appear first, while the tadpole 
larvae of frogs and toads develop hind limbs before the front ones 






Fio. 163. The vcnnil- 
lion spotted newt (Tri- 
t ur us V i ridescens ) . Adult 
at left; Larva at right. 
B. Balancer; FL. Front 
legs; G. Gills. (Greatly 
enlarged.) Photograph 
of adult by P. L. Crummy; 
Larva, original. 

appear. Some spe- 
cies, such as the 
water dog or mud 
puppy, retain their 
gills throughout their 
entire lives; but in 
most of them the ex- 


ternal gills disappear shortly after hatching. In some sections 
the tiger salamander (Ambystoma tigrinum) never completes its 
metamorphosis but continues to grow to full size without losing 
its gills. The life histories of salamanders are quite variable, even 
within a single family. The period of metamorphosis from the 
egg to the adult stage ranges from a comparatively few weeks to 
several years. While the eggs of a few species are fertilized after 
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laying, as among most frogs and toads, in many of them internal 
fertilization is effected in an interesting fashion. The male deposits 
a pedcstal-likc capsule or spermatophore in which the spermatozoa 
are enclosed. The female gathers this into her cloaca, and the 
eggs are fertilized within the oviducts. In a few cases the female 
holds the eggs in the oviducts until the young are fully formed and 
reproduction is ovoviviparous. 

The ecological and geographical distributions of ' species are 
interesting and in some cases unique. Such studies assist in deter- 
mining relationships 
between individuals 
and groups. Local dis- 
tribution shows that 
there is a distinct hab- 
itat selectivity evi- 
denced by the various 
kinds of salami, i l^rs 
and newts. Some are 
• found only in rapid 
brooks or in cn^eks, 
springs, ponds, or riv- 
ers. Others are terrestrial, and these usually inhabit damp woods 
where they lurk under logs and stones, while still others arc most 
frequently found among loose, W(‘t shales. 

There is also a general distribution of kinds according to latitude 
and longitude. Some species are termed southern, others western, 
and so on. One species may range from Virginia to Florida; aiiether 
may be found from Maine, New York, and Pennsylvania westward 
to Michigan. Regardless of the extent of its distribution, every 
species is limited; and beyond the boundaries of its range is found 
another species, subsixjcies, or variety. 

It would be difficult to make general statements about the 
habits of the salamanders iniismuch as there are alternate migra- 
tions from water to land or from land to water. It will be seen 
later that some larvae which hatch on land immediately take to 
the water, while some aquatic species assume a terrestrial existence 
shortly after they are bom. 

Nearly all of the newts and salamanders are nocturnal in their 
habits; and practically every one of them is carnivorous, feeding 
upon insects, worms, snails, slugs, and small fishes. Food is taken 
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in various ways, usually by stalking their inactive victims. Not 
all salamanders have tongues; and those that do, obtain their food 
in much the same manner as toads and frogs, frequently leaping 
after their victims. 

Many of the salamanders have teeth, both maxillary and vomer- 
ine; and here again the transitional characters of these primitive 
amphibians are revealed. The teeth may be present in only one 
sex or they may be present in larva and lost before maturity is 
reached. The dental characters are so extremely variable and so 
difficult to interpret that their discussion would be out of place 
here. In the common two-lined salamander, Eurycea hislineata, 
the front maxillary teeth of the male are different from those of 
the female, being larger and directed forward. In the dusky sala- 
mander {Desmognathus) vomerine teeth are present in the female 

but absent in the male. While 
many Amphibia have teeth, none 
of them is known to use them for 
defense. 

It has been mentioned elsewhere » 
that the skin of amphibians con- 
tains glands which secrete mucous 
material. Sometimes these secre- 
tions are poisonous, and they are 
effective in affording protection 
to those species in .which poisonous glands are present. The 
poisons are only virulent, however, when they are injected 
or eaten; and seldom do they affect the bare flesh. A number 
of salamanders have odors which are offensive to us and which 
help to protect them from enemies. The primary functions of 
the odors are for courtship and for identifying others of their kind. 

As a rule there is little difference in coloration between the 
sexes. Frequently, however, secondary sexual characters may be 
found. Courtship glands for attracting the opposite sex some- 
times occur as swellings on the tail or as scattered glands on thu 
eyelids. In some species these glands are on the chin or cheeks. 
Occasionally the male has its feet modified in the breeding season 
for holding the flhiale during coition. Sometimes there are suction 
discs or nuptial spines developed for this purpose. These spines 
are located on the outer fingers of the front feet. The male may 
3ven have swollen glands or additional structures such as skin 



Fig. 165. The mottled salaman- 
der (Ambystoma opacum). Cour- 
tesy Gen. Biol. Supply Co. 
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flaps on the back during the mating season only. The newts 
and salamanders do not call their mates as do the frogs and toads, 
and the courtship glands serve in place of sounds. The habit of 
congregating in great numbers in certain locations during the mat- 
ing season brings the sexes together. The scattered individuals, 
feeling the urge to reproduce, migrate to a stream; and the pres- 
ence of a few in a desirable location is soon discovered by others. 
Sometimes the “marriage mart’^ has thousands of both sexes. 
Stream-inhabiting species may 
have their feet modified for 
holding on to the stones in the 
currents. 

Many common superstitions 
have d(»veloped about the sala- 
manders, but none of our 
American species is formidable 
in any way. do not 

jump down pcople\s throats, 
and water dogs do not bite off 
the toes of swimming boys. 

For ages the belief has per- 
sisted that salamanders can 
endure fire; and safes, fire pots, and fire-proof insulation are fre- 
quently called “ salamanders. While many salamanders can 
throw off milky secretions from their skin as a means of protection, 
they are, nevertheless, not impregnable; and they are devoured 
by many kinds of enemies. 

The kinds of newts and salamanders. All of the North American 
newts belong to the family Pleurodelidae (Salamaiidridac). The 
commonest and most conspicuous species belong to the genus 
Triturus (Fig. 163). The common water newt or Vermillion spotted 
newt, Triturus viridescensy is represented by two types. The small, 
orange, or brick-red newts found under stones or logs in damp 
woods are the land forms of a larger (4 inches) inhabitant of ponds 
or quiet stretches of water where they live among the aquatic 
plants. The water form is greenish above, while the entire ventral 
Surface is a bright yellow with myriads of small black spots. 
Along the side is a row of scarlet spots, each of which is surrounded 
with a black border. Males may be distinguished from females 
by their swollen cloaeas and more sturdy hind legs. I'he female 



Fig. 166. The common toad (Bufo 
americanus) croaking. Courtesy A. A. 
and A. H. Wright. 
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lays her eggs in capsules of jelly to protect them and attaches 
them to aquatic plants. 

The larvae are born with external, branching gills extending 
horizontally from the neck just back of the head, and the front 
legs develop first. After eight or nine weeks the external gills 
disappear, and lungs develop. After a time, the young change 
from green to red, when they usually leave the water to spend a 
year or more on land, returning again to the water where they 
assume the adult coloration and where they spend the remainder 
of their lives. 

There are four species of Trituras in North America, according 
to Noble, the western form being the largest and having the 

roughest skin. In the midwestern spe- 
cies, T. meridioTiaUsy the red spots are 
not distinct but more or less united into 
; ' a broken line. The southern species, 

; „ T. viridescens symmettrica, more nearly 

y resembles the midwestern species. 

- - ^ " Most of the local salamanders belong 

Fig. 167. Fowler’s toad to the family Plethodontidae with brook- 
Wright ^ Courtesy and terrestrial species. They 

are all lungless and may be distinguished 
from other salamanders by a groove extending from the nostril to 
the lip. 

The most conspicuous eastern plethodontid is the coral-red 
salamander. Pseudotriton rubers found under stones in brooks and 
occasionally in wet, swampy places. The young are a bright coral 
red with small, irregular black spots all over the back and sides. 
The adult is reddish with the black spots larger in size, and it has 
a purplish sheen. The young of this species is much larger (4 to 
7 inches) than that of Tritums, and it breathes through its throat 
membrane and moist skin. The eggs, numbering more than 50, 
are attached singly to the undersides of stones in running water 
by a jelly-like stalk. 

The purple salamander, Gyrinophilus porphyriticus^ is an in- 
habitant of cold streams where the female deposits the eggs in 
clusters on the undersides of stones. The adult is a light pink 
mottled with darker spots. 

The two-lined salamander, Eurycea hislineaia, is found under 
stones and in the mud along the shores of small streams. The 
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adult is a small, slender, yellow or light brown salamander with a 
dark line on each side of the back extending from the eye backward 
along the tail. The sides are finely speckled with black. Each 
egg is attached to the underside of a stone in the current by a 
stalk of jelly. Metamorphosis is slow, sometimes requiring two 
years. Another native species is Eurycea longicauda which differs 
from E. bislineata in having a longer tail. 

The dusky salamander, Desmognathus fuscus, is found in crev- 
ices and under stones in wet places. It has a stout body and 
measures almost six inches in total length. It is a dirty reddish 
brown on the back and dull gray underneath. The cream-colored 
eggs numbering 18 to 20 are de- 
posited in grape-like clusters in 
moist cavities near a stream. 

The larvae are able to crawl 
about upon hatching. The fe- 
male guards her l)y wrap- 
ping hers(df about them. After 
hatching, the larvae develop in 
the water or remain on land for 
several w’ceks and then enter the 
water for a ix'riod of eight or 
ten months. Immediately after 

leaving the water they breed. iHyh, 

*11 ,, . c versicolor). Photograph by F. Harper 

All the species of Dmmgnaihm ^ H bright 

have a diagonal light mark on 

each side of the hi'ad which extends backwards and downwards 
from the eye to the angle of the jaw, and all of them have 
rounded tails. 

Another member of the family is the very small, four-toed 
salamander, Hemidactylium scutcUus, which sheds its tail quite 
readily when captured. It is brown above, shiny white or slightly 
yellowish underneath, with tiny black dots; and it has a yellowish 
snout. The species is terrestrial and can be readily identified by 
the constriction at the base of the tail and by having only four 
toes on the hind limbs. The eggs are deposited near ponds in 
w ooded sections. 

The genus PUthodon includes a number of terrestrial species 
wdiich are quite common in eastern United States. The red-backed 
salamander, P. cinereus, is more frequently found in coniferous 



390 


THE LIVING WORLD 


woods under logs and stones in damp places. Its dozen or more 
white eggs are usually deposited in hollow logs. The slimy sala- 
mander, P, glutinosus, is almost black with whitish flecks on the 
back and sides. It is much larger than the red-backed salamander. 
The white eggs are laid in caves or under stones. In both of these 
species the external gills are lost immediately after hatching. 

The family Ambystomidae includes the largest and most common 
species of terrestrial salamanders. Most of them lay their eggs 
in the water, and the larvae have broad bodies and tail fins. The 
gills are large and conspicuous. The spotted salamander, Arnby- 
stoma rncLcidatum, is found under logs and stones in damp places. 
The adult, which measures up to nine inches, is a shiny black with 
a number of large, yellowish, rounded spots on each side of the 
body and tail. The underside is a dull gray with flecks of bluish 
white. Its clusters of large eggs are deposited in ponds early in 
the spring. Sometimes thousands of adults congregate in ponds 
or slow streams at night during the breeding season. The males 
deposit spermatophores about one-half inch long containing hun- 
dreds of spermatozoa. The females crawl over these and take the 
spermatozoa into their cloacas. 

The tiger salamander, A, tigrinum, is a sturdy species about 
eight inches long. Its markings vary tremendously in different 
parts of its range. It may be a dull black with yellow blotches 
running together so as to form cross bars resembling stripes. The 
underside may be mottled black and yellow, excepting the chin 
which is yellow. The tiger salamander is found under logs and 
stones near cold streams or spring-fed ponds. In some western 
and southern regions the external gills are retained in the adult 
stage, and the individuals remain in the water. In other words, 
the larval characters persist throughout life. These gilled forms 
are called axolotls (Plate XIV, Fig. E). 

The marbled or mottled salamander, A. opacum (Fig. 166), is 
the only species in the family Ambystomidae which may lay its 
eggs on land where they arc deposited under logs or stones. The 
eggs are usually deposited near a stream in a place that will later 
be flooded. The J^irvae go into the water as soon as they are born. 
The adult is a dark gray with irregular whitish bars on the back. 
It is sometimes confused with the tiger salamander, but it may be 
distinguished by its absence of yellow. 

Jefferson’s salamander, A. jeffersonianum, is another common 
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species in eastern sections. It is an olive-brown or blackish species 
with pale bluish spots on the back, although it may be uniformly 
brown with flecks of pale blue on the underside. The adult meas- 
ures about six inches or more. 

The mud puppy or water dog, Necturus maculosus^ is the second 
largest of the common salamanders (Plate XIV, Fig. C). It be- 
longs to the family Proteidae (Nec- 
turidae of some authors) and attains 
a total length of 12 inches or more. Wfe 
Its large head is broad and flat. The 
water dog is called a larval salaman- 
der because it retains its very large, 
conspicuous, reddish gills throughout ‘ 

its life which is spent in the w^ater 
of lakes, rivers, large ponds, or creeks. 

Its mottled brown color resembles ^ 

the bottom ard affords protection. ^ 

The mud puppy feeds on worms, in- r ^ 

.sects, and fishes, and is frequently 
taken on baited hooks. The large 
eggs are attached singly to the objects W 5 

in the water, and the larvae have 
short limbs. ^ 

The family Cryptobranchidae in- 
cludes the giant salamander of Japan. 

This salamander attains a length of Fig. 169. The spring 

five feet. The family has a single ^’P^r Cour- 

, . . . .,3, . tesy A. A. and A. H. right, 

representative in America (Plate XIV, 

Fig. B). It is the hellbender, Cryptobranchus allcganiensis, which 
measures up to 24 inches and is found sparsely distributed in 
eastern United States as an inhabitant of the winters of rivers and 


lakes. It has an olive-green color with darker splotches irregularly 
distributed on the back, but it may be dull red-brown in some 
streams. Its eyes are extremely small, and there are no external 
gills. The thick skin is loose and gathered into folds along the 
sides. While the hellbender has lungs, it apparently does not use 
them to a great extent; and respiration is effected largely through 
the slimy skin. 

The female lays her strings of eggs in excavations made by the 
male; and after the male has fertilized them, he guards the nest 
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until the young are born. The hellbender is a serious menace to 
the fish population. It also eats a large number of crayfishes. 

The frogs and toads. The order Salienta, which includes the 
frogs and toads, differs from the Caudata in that its members are 

tailless; and they have short, stout 
bodies and sturdy legs. The legs 
have four segments while those of 
salamanders have but three. Only 
one species, Ascaphus trueiy of 
American frogs has a caudal ap- 
pendage; and this is an extension 

Fig. 170. The green frog (Rana of the cloaca which greatly resem- 
damitans). Courtesy A. A. and bles a tail. In this form alone, 
A. H. Wright. fertilization is internal, the ex- 

tended cloaca serving as a copulatory organ. It is found only 
in the Northwest. The order is represented in the United States 
by the six following famili(\s: 

(1) LiopelmidaCf primitive frogs with a single genus {Aacaphus) 
in the Northwest. 

(2) PelobatidaCj the burrowing toads, including the eastern si)ade- 
foot toad. 

(3) Btifonidaej the true toads, including the common garden 
varieties. 

(4) HylidaCj the tree frogs, including the spring ix'cpor, etc. 

(5) Ranidae, the true frogs, including the green frog, pickcnel 
frog, and bullfrog. 

(6) Brevicipitidaej the narrow-mouthed toads. 

The group is frequently refern'd to as Anura, and it includes 
the most interesting and musical of the amphibians. Tlu^ frogs 
and toads are familiar animals to most persons. Sounds are j^ro- 
duced by means of vocal sacs. These are located in the skin on 
the sides of the neck. Air is forced into the mouth and vocal sac 
from the lungs through the glottis and back again. The males 
are much more capable of producing sounds than are the females. 
In croaking the mouth is kept closed. (See Sound.) The toads 
are chiefly terrestrial creatures with dry, warty skin; and many 
of them lack tlie fully webbed feet which characterize their close 
aquatic relatives, the frogs. Both usually lay their eggs in water, 
and they undergo a similar metamorphosis. The eggs of frogs 
are laid in clusters, while those of the toads are deposited in 
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strings. When the group is considered as a whole, however, it is 
difficult to generalize about their life histories because there are 
many modifications of breeding habits, metamorphoses, and life 
histories. Some of these variations will be referred to later. In 
most cases the sexes are similar, but the male usually has a swollen 
thumb which enlarges greatly during the breeding season. The 
external features of a frog are shown in Fig. 162. 

The common garden toad is worthy of observation. It is a 
rather formidable-looking creature; yet it cannot bite, sting, or 
run away from many 
enemies. Its chief de- 
fenses lie in its ability 
to conceal itself in shal- 
low depressions in the 
loose dirt. In these, its 
warty, ground-colored 
skin rcsemb^e*^ the 
background so well 
that the animal usu- 
ally escapes observa- 
tion. When attacked, 
it emits a distasteful, poisonous, and ill-smelling fluid which fre- 
quently protects it from being devoured. An inexperienced dog 
or cat which grabs a toad for the first time soon lets go of it and 
endeavors in many ways to eject the fluid from its mouth. The 
toad is usually nocturnal, but sometimes it forages during the 
daylight hours. On one occasion, the writer observed a toa» mov- 
ing along a row of cabbages during the day, leaping from the 
ground to pluck the worms from the leaves. As a rule, howev^er, 
the toad is a more or less sedentary hunter. Remaining motionless 
in one place, it waits patiently for passing insects to come within 
reach. Sometimes it leaps for flying insects; and occasionally it 
waits with its doubled, sticky tongue extended until its ''victims 
alight on it. The tongue is attached to the front of the mouth and 
is split at the end. As a rule, the toad does not migrate far from 
its birthplace. An aluminum band was placed on the leg of a 
•garden toad, and it wms observed in the same place on five con- 
secutive seasons. At the farm where the observations took place, 
there was a pipe connected with a natural gas well. A perforated 
tin can was placed over the exposed end of the pipe, and the es- 
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Fig. 171. The bull frog {Rana catesbiana). 
Courtesy A. A. and A. H. Wright. 
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caping gas was lighted. On waim summer evenings the light at- 
tracted myriads of insects which singed themselves by fljdng into 
the flame. Each night the toad came from its hiding place and 
stationed itself on the ground under the light and gulped down 
the insects as they fell to earth. 

In winter the toad, like all other amphibians, hibernates in a 
place protected from the freezing temperatures. Its vital processes 

, are reduced to a minimum, and it is 

nourished by the excess of tissues 
, built up during the summer months, 
i ^ ' In the spring it ventures forth to 

1 1 . ; seek a mate. The male migrates to 

. j a pond or stream and soon togins 

Fig. 172. The leopard frog calling or croaking. The females re- 
^ana pipiens). Courtesy A. H. gpond to the male calls as they fol- 
® ‘ low the males to the water, but their 

calls are not so deep or loud as those of the males. Mating usually 
takes place in the water. The return to the water is probably a 
response to the call to her original home; and her eggs are deposited 
in long strings in the shallow water, usually while the male clings 
to her. Fertilization is effected by the male who discharges sper- 
matozoa upon them. The eggs are covered with a substance that 
absorbs considerable water; and within a few hours after they are 
laid, they become enveloped with a thick, clear, jelly-like encase- 
ment. This covering protects the eggs from injury, from sudden 
changes: of temperature, and from destructive evaporation. It 
also acts as a convexo-concave lens which serves to gather and 
focus warm light rays on the developing egg and thus assists in 
incubating it. 

Upon examination, the eggs are seen to be spherical, with one- 
half black and the other half cream-colored or whitish. The black 
portion is the animal pole in which the larva or tadpole develops. 
The other half is the vegetative pole and contains the yolk which 
nourishes the developing embryo. The black half is usually turned 
upward and exposed to the light. Being black it absorbs the light, 
and development is accelerated. When the larva is sufficiently 
developed, it wrigj^es out of the gelatinous mass into the surround- 
ing water. The tadpole, as the larva is called, has small external 
gills extending outward from the neck. The young immediately 
attaches itself to some submerged object with its adhesive disc 
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and remains stationary for a few days. Soon the external gills 
disappear, and the tadpole feeds on the slimy algae which covers 
the stones in still water. As the animal grows, it becomes more 
active and swims about with an undulating movement, propelled 
by the broad, fin-like tail. After several weeks the hind legs ap- 
pear; and some time later the front legs, which have been de- 
veloping within the opercula, are extended. The tail is gradually 
absorbed or “ resorbed and not p 
lost as some people suppose. In ^ 
the meantime lungs are develop- 
ing; and when the tail has com- 
pletely disappeared, the young 
toad leaves the water and takes 
up a terrestrial existence. It re- 
turns to the water only during 
the breeding season or in periods 
of severe d**outI.. 

Toads are valuable and harm- 
less animals, rendering a service ^ 

that is immeasurable by their Fig. 173. The cricket frog (Acris 
destruction of harmful insects, gryllus crepitans). Courtesy A. A. 
While they do emit milky fluids Wright, 

when disturbed, the secretion does not cause warts as is too com- 
monly supposed. The belief that the killing of a toad will bring 
rain is just another superstitious fallacy. 

There arc about 18 species and subspecies of toads in the 
United States, but the following are the two principal rej^: esenta- 
tives of the Bufonidae in the eastern United States. Both of them 
are toothless and have the toes w^ebbed at least half their length. 

The American toad, common toad, or garden toad, Bufo amer- 
icanus (Fig. 166), ranges from Hudson Bay to the southern states. 
The color is brownish, reddish brown, and rarely grayish, or green- 
ish. The underside is rough, light-colored, and generally black 
spotted. The upper surface of the head, back, and hind legs is 
very rough with irregular, horny warts. Its roughness increases 
with age. 

BxlJo fowleri, Fowler's toad, or the little toad, is a slightly 
smaller and more active species than the common toad (Fig. 167). 
It is less rough with smaller and less conspicuous warts. The skin 
is soft, dull, or light gray in color, sometimes with a greenish tinge 
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which is not characteristic of the common toad; but it may be 
brick-red at times. There are dark spots on the back, and each 
spot usually encircles several small warts. The underside is also 
sometimes dully spotted. 

The species has a wide range, extending from Massachusetts 
to Georgia and westward to Michigan and Missouri and along the 
Gulf of Mexico to Texas. Its habits are somewhat similar to those 
of the larger common toad. Both of these toads have a harsh 
trill which is heard during the breeding season. Fowler’s toad 
has a less prolonged song. 

The eastern spade-foot or burrowing toad, Scaphiopus holbrooki, 
is a representative of the family Pelohatidae. It has teeth in the 
upper jaw, and there is a distinct spade-like spur or plate on the 

heel for digging. The toes are 
only slightly webbed. The gen- 
eral color is an olive-brown 
with a yellowish band on 
each side. The skin is almost 
smooth or only slightly tuber- 
cled. The forehead is rather 
rough and bony. The pupil of 
the eye is vertical instead of 
horizontal as in the ordinary 
toad. 

The tree frogs, Hylidae, may be identified by examining their 
fingers and toes which are dilated at their tips into viscid discs 
which enable them to cling to the bark on trees. They comprise a 
group of very noisy species, many of which can change their color 
to that of the background on which they rest. 

Perhaps the commonest member of the family is the spring 
peeper or Pickering’s toad, Hyla crucifer (Fig. 169), whose shrill 
whistle is the real harbinger of spring. When winter breaks and 
the warm, balmy, humid weather of spring comes, the night air 
is pierced with the songs of thousands of spring peepers. The 
sound is produced in their greatly dilated vocal sacs which are 
swollen-like blisterj| while they sing. The spring peeper is a small, 
yellowish, or cream-colored species with radiating lines on the back 
arranged so as to form an ‘‘X” or oblique cross. There are cross 
bars on the upper surfaces of the hind limbs and one across the 
top of the head, connecting the eyes. The discs on the fingers 



Fig. 174. The wood frog {Rana 
sylvatica). Courtesy A. A. and A. H. 
Wright. 
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and toes are rounded. Like all of the local tree frogs, the spring 
peeper breeds in the water; and after development is completed, 
the young frogs sometimes, although rarely, ascend the trees oi 
other coarse vegetation where they remain until fall, descending 
upon the approach of cold weather to hibernate in the ground. 
All of the tree frogs feed upon insects. 

The cricket frog, Acris gryllus, rarely ascends into the trees 
but remains among the low vegetation at the edge of a pond. It 
also inhabits the swamps of eastern United States. It is less than 
an inch and a half long and has very long hind legs. The color is 
generally brownish above with the middle of the back sometimes 
a bright green. There is a dark triangle between the eyes, and 
there are three oblique blotches on the sides. A whitish line ex- 
tends from each eye to the arm. Its call resembles that of a cricket 
and is somewhat different from the calls of other tree frogs. In 
fact, all of the species can be identified by their calls. Like all 
of the other tree frogs, too, the cricket frog is much more frequently 
heard than seen. Its toes are strongly webbed, and it is an excellent 
swimmer. 

The swamp tree frog, Pseudacris nigrita trisenata, is also very 
small, measuring less than an inch and one-half in length. It 
also lives near the ground and seldom ascends trees. It differs 
from the other swamp tree frog, nigrita feriarum, by 

having a more pointed snout. In the latter there is a dorsal line 
extending from the snout backward and bifurcating about the 
middle of the body and a lino on ('ach side of this and one on each 
side of the head; in the former there are three dorsal strii^^s ex- 
tending backward, the middle one often dividing or forking behind. 
Both are ashy gray in color. 

The common tree frog or rain toad, Hyla versicolor (Fig. 168), 
is about two inches long and is gray, brown, or green in color, with 
irregular dark blotches. Its underside is white or cream-colored; 
and the groin, axilla, and under portions of the hind limbs are 
orange. By contracting and expanding the black pigment cells 
in the skin, it can change its color to blend with the back- 
ground. When the cells arc expanded, the color becomes much 
darker. There also are yellow pigment cells in the skin; and 
when the black cells are contracted, the body appears to be 
a light greenish yellow. The fingers are slightly webbed, and 
the skin is slightly warty. There is a whitish spot under each 
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eye. The rain toad is a rather vociferous creature, especially in 
wet weather. 

Anderson's tree frog, Hyla andersoni, is another less common 
species in eastern United States. It is a deep pea green with asym- 
metrical yellow spots on the sides. There is also a green spot on 
the throat. It measures about one and one-half inches, and its 
habits are somewhat similar to those of the spring peeper. 

The true frogs (Ranidae) are much larger than the tree frogs, 
and all of them have well-developed teeth in the upper jaw. Their 
toes are well webbed, and all of them are good swimmers. All of 
the frogs breed in the water, and all of them remain in the vicinity 
ef it after completing their development. There are numerous 
species of frogs, and only the more common ones are presented 
here. 

The common green frog, Rana clamitans (Fig. 170), is found 
generally distributed throughout eastern United States. The color 
is usually bright green above anteriorly and occasionally brownish 
with dark, irregular spots. The underside is yellowish or white, 
and the arms and legs are blotched above. The toes are well 
webbed, and the glandular folds of the skin are large. Length is 
about four inches. 

The pickerel frog or brown frog, Rana palustrisy is rather com- 
mon in the higher regions of the East. It is light brown above 
with four rows of dark brown, asymmetrical blotches. There is a 
brown spot above each eye. A dark line extends from each nostril 
to the eye. The underside is white, and the concealed surfaces 
of the hind legs are yellowish or orange. It measures about three 
inches in length. 

The leopard frog, or grass frog, Rana pipiens (Fig. 172), is an 
abundant species in the marshes and ponds of the entire eastern 
section of the United States. Its range extends westward to the 
Sierra Nevada Mountains. It is commonly used in laboratory 
studies. Its upper surface is a brownish green to bronze with 
light-edged, irregular black blotches arranged in two or more 
rows along the back. The legs are barred above, and the head is 
more elongate than in the preceding species. There are two spots 
between the eyes, ^he underside is a pale cream color. 

The bullfrog, Rana catesbiana (Fig. 171), is the largest of native 
frogs, having a total length of eight inches in full-grown animals; 
with the hind legs extended it reaches 12 to 14 inches. The head 
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is usually a bright green; but the rest of the dorsal surface is some- 
what darker with faint, inconspicuous darker spots. The under- 
side is whitish, but the throat is frequently yellowish. The tympana 
are much larger on males than on females. While it is a native 
of the eastern and midwestern s(3ctions, the giant variety has been 
distributed throughout the entire country and in fact throughout 
the world. It is raised extensively for food. 

The wood frog, liana sylvatica (Fig. 174), is a beautiful species 
of frog with terrestrial habits. It is usually found in low, damp 
v'oods where it actively forages night and day. It is much .smaller 
than most of the others, measuring about three inches. The color 
\-aries from greenish to reddish brown, and a dark band extends 
along each .side of the head over the eye and ear to the in.^^ertion 
of the arms. The .sides are .speckled with black. The head is small 
and pointed, and the legs and arms are barred with black on their 
upper .surfaces. The underside is whitish. 

The narrow ^^outh toads (Brevidpitidae) are mostly tropical, 
but at lea.st four species occur in the South from Virginia to Texas. 
In some of the tropical species, the eggs hatch directly into frogs 
and the young do not pass through the various stages of met- 
iimorphosis. 
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gether with the legs, may be withdrawn between the two shields 
in some species. The upper shield is called the carapace, and the 
ventral one is called the plastron. The turtles have no teeth, but 
the jaws are encased in horny sheaths which usually have sharp, 
cutting edges. The eye has two lids and a nictitating membrane 
like that on the eyes of birds. Respiration is usually effected by 
swallowing air, although pharyngeal respiration is known in some 
species. 

Turtles are both terrestrial and aquatic. In the truly aquatic 
kinds sucli as tluj marine turtles, the legs are modified into flippers 
for swimming, while the pond- and stream-inhabiting kinds have 
webbed feet. The large sea turtles such as the trunk turtle and the 
green turtle may attain a weight of upwards of 1000 pounds aiivd a 
length of more than six feet. 

Many of the marine and fresh-water turtles are edible and they 
ar(^ much sought after as food both in the tropics and in the tem- 
perate zones. The giant green turtle is considered the finest of 
the marine species. The green turtles aie chiefly inhabitants of 
the warm subtropical and tropical seas, although they are fre- 
quently taken off the coast of the New England states. 

Turtle's are mostly carnivorous, feeding upon fish, birds, mol- 
lusks, and other animals, although many of them include water 
•plants in their diet. All of the turtles lay eggs — on land. Even 
the giant sea forms seek the sandy beaches at night and deposit 
their eggs in the sand, above the high-tide line. The female scoops 
an exca\'ation in which she places her eggs and then covers them. 
Most of the pond and stream forms place their eggs in sandj' - xca- 
vations, frequently at a considerable distance from the water. 
When the young hatch, they immediately migrate to the water. 
Turtle eggs vary somewhat in shape; and all of them have a 
whitish, leathery, or hard-shell covering. The eggs of many species 
are excellent articles of diet. There are four principal families of 
turtles in the eastern United States, exclusive of the marine species. 
Some of the commoner species of turtles representing the various 
family groups are as follows: 

The box turtles (family Testudinidae) are so named because the 
plastron is divided by a central hinge which permits the front and 
back parts to be drawn against the lower edge of the carapace to 
which the plastron is attached by an elastic, cartilaginous joint. 
In this way these turtles can withdraw completely into the shell. 



418 


THE LIVING WORLD 


Some of the box turtles live in ponds and swamps where they bask 
on protruding logs and from which they tumble quickly into the 
water at the least disturbance. These usually have only partly 
webbed toes. The shells of the pond dwellers are elongate and 
globular, and they are usually smooth. In some of them the 
anterior half of the plastron is more movable than the posterior 
half, and these are called semi-box turtles. Several common 
species of the semi-box turtles are generally distributed in the 
East. Blanding’s turtle (Emys blandingii) is almost eight inches 
long and fiv<^ inches wide. Its upper shell is black with numerous 

pale yellow or whitish 
spots. The plastron is 
yellow in the center 
with large, dark 
blotches around the 
pale area. The head is 
black above with many 
yellow spots, and the 
chin and throat are 
bright yellow. 

Another common 
species is the common 
box turtle (Terrapene 
Carolina) which ranges 
all over the eastern apd central states (Fig. 190). It has a highly 
arched' and globular carapace which is dark brown above with 
numerous yellow spots or splotches, although the color pattern 
is extremely variable. The plastron may be almost black, or 
black covered with large yellow spots. The males of this spe- 
cies have red eyes and the females have yellow eyes. The 
species is about five and one-half inches long and two and one- 
haJf inches high. It is largely terrestrial and wanders about 
without making permanent excavations. Its food consists of 
berries, fungi, worms, snails, and insect larvae. The eggs of the 
box turtle are buried in the ground or covered with leaves. It 
hibernates deep in the ground and it is supposed to live for very 
many yeare. 

The painted turtle {Chrysemys picta marginata — ^family Testvr 
dinidae) is one of the commonest eastern aquatic species; it has a 
smooth, flattened carapace (Fig. 187). The plates of the shell are 



Fig. 187, The painted turtle {Chrysemys picta 
marginata). Courtesy "N. Y. Zool. Soc. 
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olive brown with borders of pale yellow, and the amaJl marginal 
plates are red with black and yellow markings which are plainly 
conspicuous on the underside. The plastron is a bright yellow. 
There are two bright yellow lines behind each eye and yellowish 
streaks which seem to disappear in scarlet on the throat, legs, and 
tail. The variety of color gives the species its name. The size is 
not over eight inches, measured from the anterior to the posterior 
ends of the carapace. 

The painted turtle is an inhabitant of plant-filled ponds where 
it feeds upon plants, insects, and mollusks. Its nest consists of a 
hole (dug by the female) in the ground not far from the water. 
The leathery eggs, from 

are pinkish in color. 

The species and its va- 

rieties are generally dis- ^ 

tributed over the eastern 
United States and south- 
ward to Georgia and Ala- 

The spotted turtle Fio- 1^- The musk turtle 
{Clemmys guttata) is found 

in the same situations as the painted turtle (Fig. 189). It has a 
smooth black flat carapace which is covered with irregularly ar- 
ranged orange or yellow dots. The undersides of the carapace 
are marked with yellow, and the middle of the plastron is dull 
yellow. The tail of the male is almost twice as long as that of the 
female. 


Fig. 188. The musk turtle (Kinostemum 
subrubrum). Courtesy N. Y. Zool. Soc. 


The wood turtle or sculptured turtle {Clemmys imculpta — 
family Testudinidae) is a small turtle (8 inches) which inhabits 
woodlands and is occasionally found in open fields (Fig. 191). It 
may be identified by the roughly sculptured concentric rings on 
each plate of the carapace. The carapace is a mixture of gray and 
brown. The head and feet are rusty brown, and the other soft 
parts are a dull salmon color. The wood turtle feeds upon berries, 
fungi, and mollusks when on land. In the water, where it mates 
and hibernates, it feeds upon almost anything that lives in an 
aquatic situation. The whitish eggs are laid in excavations in the 
ground. 

The three-toed box turtle {Terrapem triungus) is similar to 
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T, Carolina, but the hind feet are narrower and they are equipped 
with only three claws. It is found from South Carolina to Florida 
and westward. 

The soft-shelled turtle {Amyda spinifera — family Trionychidae) 
is a flat-bodied turtle with a narrow head and prolonged snout 
(Fig. 193). The nostrils are located at the tip of the snout, where 
they can protrude above the surface of the water while the animal 
floats just below the water level. The carapace is soft and leathery 
and lacks the bony plates which characterize other turtles. Its 

color is a yellowish brown 
covered with scattered small 
black dots. The plastron is 
almost white. The species 
is aquatic and leaves the 
water only to lay its eggs 
which are deposited in ex- 
cavations near the shore. 
The maximum length of the 
carapace is approximately 
14 inches. It is sometimes called the leather-back turtle. It is 
a vicious species, and caution should be exercised in handling it. 

The musk turtles or mud turtles {Kinosiernidae) include a num- 
ber of species of small turtles generally distributed throughout the 
eastern United States (Fig. 188). The shape and other characters 
of the shell are variable according to where the species are found. 
The Common musk turtle {Sternotherus odoratus) has a keeled 
carapace when young; but the keel disappears with age, and the 
nearly oval carapace retains only a fairly high arch in the adult. 
The color is a dull olive brown, although in old specimens the 
color is usually obscured by a covering of algae. The phistron is 
very narrow and colored a yellowish brown. The head has two 
bright yellow stripes extending from the snout to the neck, one 
of them passing over the eye. The species is only about four inches 
long; and it stays in the water in creeks and rivers, crawling about 
over the bottom feeding on fishes and other aquatic animals. It 
comes ashore onhr to lay its eggs. When captured, it emits a dis- 
agreeable odor; nence its name. It is slightly pugnacious and 
exhibits fighting habits similar to those of the snapping turtle. 

The common mud turtle {Kinosternum subrubrum) is a widely 
distributed representative of a fairly large group. Its upper shell 



Fig. 189. The spotted turtle (Clemmys 
guttata). Courtesy N. Y. Zool. Soc. 
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is broader and more nearly flat than that of the musk turtle. The 
plastron is also wider. The color is similar to that of the musk 
turtle although the head is covered with numerous greenish- 
yellow spots. Sometimes these spots run together to form lines 
on the sides, resembling the musk turtle. The broad plastron, 
however, makes the distinction easy. 

The snapping turtle (Chelydra serpentina — ^family Chelydridae) 
is the largest of the fresh-water turtles, attaining a length of 
almost three feet and weighing upwards of 45 pounds. The species 
is used extensively as food. It lives in the larger streams and 
ponds where it feeds upon water birds, frogs, and fish. It is quite 
an enemy of wild and domestic ducks. The carapace is rather 

small and allows the free ^ 

use of the legs. As a re- ^ ■ 

suit, the snapper is a fast p- 
walker on land, where it - 

can frequently y ^ found, * . ; jy , 

often at a considerable ; / ^ ^ 

.distance from the water. 

The neck is long, and the ^ 

head is so largo that it ^ 




cannot be completely ■■■■■ 

withdrawn into the shell. Fig. 190. The common box turtle {Terra- 
rrM_ , X • pene Carolina). Courtesy N. Y. Zool. Soc. 

The plastron is narrow, ^ 

and it tapers from the middle toward both ends. The snapper is 
a vicious and formidable turtle with a homy beak that is capable 
of inflicting serious injury. It is a bad-tempered species, and it 
must be captured and handled with caution. It is found from 
the Rocky Mountains eastward (Fig. 192). Like most other water- 
inhabiting turtles, the snapper deposits its 20 or more round 
hard-shelled eggs in excavations on the shore. The eggs are about 
an inch and a quarter in diameter and they are edible. 

3. The lizards. The lizards are long, slender, four-footed reptiles 
with long tails. It has already been suggested that the smooth- 
skinned, slow-moving, lizard-like animals found in watering 
troughs and in wet places arc relatives of the frogs and toads and 
therefore belong to the Amphibia. The bodies of lizards are cov- 
ered with scales, and their movements are quick. They inhabit 
dry sections where they feed upon insects which they capture. 

While lizards are characteristic animals in tropical and sub- 
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tropical countries, there are many species in the United States, 
especially in the arid regions of the Southwest. However, there 
are several species of lizards in the eastern states; and they are 
found from New England to Florida. They usually escape obser- 
vation by most people because of their shy dispositions. At the 
slightest disturbance they scamper away with lightning rapidity, 
or they remain perfectly motionless and are unseen because of 
their size and coloration. 

The lizards have sharp teeth with which they crush the bodies 
of insects, frequently chewing their victims; and they have long, 
whip-like tails. The large tropical iguanas use their tails in de- 
fense, and they lash their 
attackers violently. In 
most species of lizards the 
tail is brittle at its point 
of attachment to the body, 
and it can be shed auto- 
matically. This is a char- 
acteristic defense mecha- 
nism among lizards in 
general. When disturbed, 
the lizard attempts to escape. It is usually swift enough to outdis- 
tance most pursuers, and all lizards can climb in an attempt to get 
away from enemies. However, they are often caught by other ani- 
mals, usually by the long tail which is frequently almost the length 
of the body. The tail immediately drops off at its point of attach- 
ment to the body. In many lizards, and especially in the geckos, 
the tail writhes as though it were alive; and while the captor is 
interested in the antics of' the tail, the lizard scampers away to 
safety. It then grows a new tail (sometimes two or three) in place 
of the one that was lost. This practice of shedding the tail (autot- 
omy) is confusing to the captor; and the writer, while collecting 
lizards in the South American jungles, was fooled many times. 
When a lizard was grabbed quickly from the bark of a tree with 
the hands, it frequently happened that all the captor had was a 
writhing tail. IV^st lizards also bite in defense when they are 
captured. 

The tropical iguanas are sometimes more than four feet long; 
and in addition to using their tails to lash their captors, they 
defend themselves by biting and by scratching with their claws. 


Fia. 191. The wood turtle (Clemmys in- 
sculpta). Courtesy N. Y. Zodl. Soc. 
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The iguanas also shed their tails when no other escape seems 
possible to them. The iguana is a delectable food, and it is much 
prized by natives and explorers. A female iguana may carry from 
39 to 41 (author’s field notes) oval, soft-shelled, white eggs. The 
eggs are about two inches long and almost an inch in diameter. 
They are excellent food. 

The iguana is a grotesque-looking lizard with antediluvian 
characters, which include spines on the throat, head, and back. 
It has several represent- 

atives m the United ^ 


atives in the United 
States, and these are 
mostly confined to the 

Southwest with species ^ ^ . 

in southern California 

and Arizona. In the ~ 

tropics, the iguanas live ^ ^ ^ ’ 

along streams, resting ^^2. The snapping turtle (Chelydra ser- 
, , , ' , - pentina). Courtesy N. Y. Zool. Soc. 

upon the branches of 

trees that overhang the water. When disturbed, they drop into 
the water with a loud splash; and they remain submerged for 
some time, usually swimming under water and emerging a con- 
siderable distance away. In the United States we have a desert 
species which is found in Arizona. All of the iguanas belong to 
the family Iguanidae, 

The American chameleon {Anolis carolinensis) is one of the 
most interesting and docile of native lizards. It is also a member 
of the iguana family and is in no way related to the true chameleons 
of the Old World. It is found from North Carolina southward 
to Florida and westward to Texas. Its remarkable ability to 
change its color, combined with its extremely docile nature, has 
caused it to become the best-known lizard in America with the 


possible exception of the gila monster. The chameleon is sold 
extensively at county fairs and at circuses. It can be kept alive 
in the home for an indefinite period provided it is supplied with 
plenty of water and food. It runs about over the curtains, house, 
and plants; and it catches flies and other insects. It will also eat 
• roaches and meal worms. 

The chameleon is usually a dull brown above; but when fright- 
ened it quickly changes to a bright green. According to 
Dr. Ditmars, the color changes are not made in response to back- 
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ground but rather are due to the mood of the animal. When 
frightened, fighting, or courting, the color is usually bright green. 
The males have a peculiar throat pouch which is extended as a 
flattened flap during courtship or when fighting another male. 
The battles between the males are vicious, and the victor usually 
struts about with the writhing tail of the vanquished in his mouth 
and with his bright green color more pronounced than ever. 

The chameleon is usually foimd on plants or along fences and 
it is difficult to see because of its protective coloration. It is not 
so swift in its movements as most common lizards. 

The geckos, or pad-footed lizards, have stout bodies and rather 
thick tails. The bodies are covered with very minute scales, and 



Fl(J. 193. Common turtles. A. Map or Koographinil turtle {Graplewys 
gcographica); B. Soft-shell or leather-hack turtle (Atnfjdn .spinifer). After 
Agassiz. 


their scalation is not at all conspicuous. The skin has a warty 
appearanct? similar to that of a toad. The head is flat and pointed 
with swellings at the temples, and the eyes arc large and prom- 
inent. The pupil of the eye is elliptical. The toes are flat and 
expanded into wide discs which enable them to walk upsid() down. 
There are several species of geckos in this country, and they are 
found in southern California and in southern Florida. They are 
abundant in the tropics, and many of them are brought into the 
United State^’with bananas. In the Guianas some of the geckos 
issue rather loud calls when they discover a stranger in their 
haunts. The call somewhat resembles the cackle of a hen. The 
geckos all belong to the family Gekkonidae. 
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The swifts are small, slender lizards with variable scales. They 
are inhabitants of drier regions; most of them are western, although 
there is one fairly common and universal species in the eastern 
states. The common swift (Sceloporus unduhius) is almost six 
inches long. Its scales are of medium size and coarsely keeled. 
The head scales appear to be wrinkled. The color is gray, brownish, 
or greenish, with narrow wavy 
cross bands on the back. The 
male has an irregular bluish- 
black spot on the chin and two 
bluish patches on the abdomen. 

The swift is found in dry, sandy 
regions, mostly in the South, 
from southeastern Pennsylvania 
and New Jersey to Florida and 
westward. The swifts also be- 
long to the family Iguanidae, 

The family Teiidae^ which in- 
cludes the race runners or striped 
lizards, has one eastern repre- 
sentative, the six-lined lizard 
{Cnemidophorus sex-lineat us) 
which can be readily recognized 
by the six yellow stripes run- 
ning from the liead to the base 
of the tail. The body color is 
brownish with a broad brown band down the middle of the back. 
It is found from southern New Jersey and southeastern Pennsyl- 
vania southward. 

The most common lizards in the eastern states are the skinks 
or smooth -scaled lizards. In the skinks the scales are small, 
smooth, and shining. The young animals are distinctly striped, 
but in older specimens the color is usually a dull brown with 
feeble stripes. Three species are found in eastern and central 
United States. The commonest eastern species is the black skink 
jiEumeces aiUhradnus), which is more commonly found in the 
regions of the Allegheny Mountains. It is commonly seen on hot 
days, running about over stones. The species is a dull olivaceous 
brown with two distinct white lines on the sides. The blue-tailed 
skink, five-lined skink, or red-headed lizard {Eunieces quinque- 



Fio. 194. A marine or sea turtle 
showing front legs modified for 
swimming. After Agassiz. 
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lineatus)y as it is frequently called, is found from New York west- 
ward, increasing in abundance toward the South. In young spec- 
imens the body is black with vivid, longitudinal, yellowish stripes 
and a blue tail. As the animal becomes older, the body becomes 
a uniform dull olive brown; and the head turns to red. The adult 
attains a length of almost ten inches. 

The glass snake, about which there are some weird superstitions, 
is an inhabitant of eastern United States from North Carolina 
southward. The glass snake is really a lizard, belonging to the 
family Anguidae. Its body is slender, elongated, and serpentine; 
and no traces of limbs are present. It can be distinguished from 
a snake by the presence of ear openings and by the presence of 
well-developed eyelids- The underside also lacks the transverse 
scales or scutes which are present on all snakes. The ventral 
surface is covered with numerous rows of smooth, overlapping 
scales which are of no use in locomotion. The back scales are 
arranged in ring-like rows. The color is a dark, olive brown above 
with bright green spots within each scale. There are thin lines 
on the neck. The underside is a uniform greenish white. Locomo- , 
tion is effected by undulating the body from side to side. 

There is a fold on each side of the body, extending from the 
head to the base of the rounded tail, which is two-thirds of the 
total body length. The glass snake is a burrowing species. It 
feeds chiefly upon earthworms and insect larvae, although it is 
reputed to break the*eggs of ground-nesting birds and lap up their 
contents. There is an old and widespread superstition that the 
glass snake can be broken into many parts and that these parts 
will migrate together and form a whole animal again. This idea 
probably arose from the fact that the glass snake can shed its tail 
of its own accord, while with many other lizards the tail is brittle 
and breaks off only when held by enother animal. 

The gila monster {Hehderma susrpectuw) is the only poisonous 
lizard in the United States. It is found only in the deserts of 
Arizona and New Mexico, but because of its virulence and bril- 
liant colors it is fairly well known throughout the country. The 
body of the gilaipaonster is covered with bead-like tubercles which 
take the place of the ordinary scales. The body is broad and stout 
with short, robust limbs. The color pattern is quite variable, but 
It consists of a bright salmon or yellowish pink with irregular 
markings of black. The legs and snout are mostly black. The gila 
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monster is a vicious lizard with a number of grooved teeth on 
each side of both jaws. The poison glands are swollen salivary 
glands in the chin. When the lizard bites, it hangs on with the 
tenacity of a bulldog or a snapping turtle. It does not let go; and 
as it holds on, the grooves of the teeth conduct the poisonous 
saliva into the wound made by the teeth. The gila monster is 
oviparous and deposits its eggs in excavations in the sand. It 
belongs to the family Helodennatidae, 

The horned lizards are generally known as “horned toads,^' and 
they are inhabitants of the dry, sandy sections in Texas, Arizona, 
the Southwest, and the Far West (Fig. 164). They differ greatly 
from other lizards in that they have broad, flattened bodies and 
comparatively short tails. Their bodies are covered with minute 
granular scales among which there are vertical, sharply pointed 
spines. The head Is covered with projecting spines which give to 
the animals a grotesque and formidable appearance. However, 
the “horned ^oau ' is one of the most docile of lizards and it rarely 
bites. It is active during the hottest part of the day when most 
• other animals have retired to shelter from the intense rays of a 
desert sun. At night the horned toad lies buried in an excavation 
of its own making, with its body covered and only its eyes and 
the top of the head exposed. The coloration is protective. The 
lizard feeds entirely upon insects which it captures ^vith a long 
tongue, in much the same manner as do toads. Other lizards 
usually stalk their prey, but the horned toad depends upon the 
lightning action of its tongue for capturing food. Unlike the 
other lizards, the horned toad is viviparous. 

One of the most remarkable defense mechanisms in nature is 
to bo found in the horned toad. In some species, at least, the 
creature when captured will violently emit a stream of blood from 
the corners of its eyes. There are many species of horned toads, 
but all of them have, in general, the same characteristics which 
make them readily identifiable. The Texas horned toad, Phry- 
sonoma cornutum^ is a typical horned lizard. 

4. Crocodiles and alligators. The alligators and crocodiles are 
becoming increasingly scarce in the United States due to the fact 
that since their discovery they have been slaughtered in countless 
thousands either for sport or for their hides. The alligator is 
found only in America and in China, while the crocodile has a 
di^icontinuous distribution, being found in Africa, India, and 
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tropical America. At the present time the crocodile is found only 
at the southern end of the Florida peninsula, while the alligator 
ranges from South Carolina southward to Florida and westward 
to Texas. Western Louisiana is almost the western extremity of 
its range, however. 

The alligator is not such a dangerous beast as is commonly 
supposed, although it can be formidable when irritated. It is 



Fig. 195. The Florida alligator in its natural haunts. From an exhibit in the 

Carnegie Museum. 

probably most common in Florida at the present time, partic- 
ularly in the Everglades (Fig. 195). The writer saw several spec- 
imens recently, and at one place he found the skeletons of seven 
animals which were from three to four feet in length. These skele- 
tons were in a hsap on a small island in the Everglades; and they 
had evidently been captured and devoured by some other animals, 
probably bir^. Large specimens are seldom encountered, although 
in some of the Seminole Indian villages there are some very large 
animals in captivity. 
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Young alligators are purchased by the thousands in Florida by 
tourists and these are sent to all parts of the country. The great 
majority of them are allowed to die of starvation or from cold. 

The crocodile differs from the alligator in having a much more 
pointed head and snout. Both of them have raised eyes so that 
they can rest just beneath the surface of the water with only their 
nostrils and eyes protruding. The crocodiles and alligators have 
powerful jaws, and both are entirely carnivorous. -The crocodile 
frequently buries its food and allows it to partly disintegrate 
before eating it. The crocodile is much more agile and aggressive 
than the alligator, and the African crocodile is a dangerous crea- 
ture to encounter. Both the alligator and the crocodile lay large, 
white, hard-shelled, oval eggs which they place under heaps of 
d6bris. 
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CHAPTER XVIII 


THE STUDY OF BIRDS 

No other group in the animal kingdom has commanded the 
interest of nature-lovers as have the birds. Thousands of persons 
ever> where have pursued bird studies as a hobby, and the birds 
have won the hearts of young and old alike. Thrc»ugh the educa- 
tion of the masses to the beneficial and esthetic values of birds, 
there is now an almost universal spirit of protection for them. 
Audubon societies and bird and nature clubs are numerous in 
every land. As a result of mass interest in birds, state, federal, 
and international regulations have been adopted for their protec- 
tion; and bird life is on the increase. Almost every city, town, and 
country district is populated with a sufficient number of species 
to make observational studies practicable. Almost any limited 
area is inhabited by a largo number ranging from 75 to 300 species; 
but the observation of them requires time, patience, and care- 
fully executed procedures. Their study is made easier by classify- 
ing them into habitat groups. 

To attack the identification of a large number of species without 
any previous knowledge of their distribution or habitat selection 
will result in confusion. It is suggested that the student bear in 
mind that all of the native species of birds will not be seen in any 
one situation. There is a definite, horizontal distribution accord- 
ing to the nature of the landscape and a rather well-defined vertical 
distribution, particularly in forest areas. 

Some species are indigenous to open fields (meadow lark, bobo- 
link, vesper, grasshopper, savanna, field, and Henslow's sparrows, 
goldfinch, homed lark, quail, killdeer). Others are found along 
the thickets or at the edge of a wood (song sparrow, peewee, king- 
bird, catbird, wren, flycatcher, vireo, bluebird, chickadee, nuthatch, 
tree swallow, towhee, junco). Others inhabit the deciduous and 
evergreen forests (redstart, tanager, kinglet, wren, thmsh, veery, 
ovenbird, creeper, titmouse, grouse, oriole, yellow-breasted chat, 
Maryland yellow throat, rose-breasted grosbeak, purple finch, 
crossbill, etc.). Another interesting assortment is to be found 
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Blackpoll Warbler , Golden Plover 


Plate XX. Maps showing the routes of migrations of various birds. 
Dotted area indicates breeding range; h: ’ck area shows winter range; arrows 
show routes of migration. From Chapman, Birds of Eastern North America, 
courtesy D. Appleton-Con tury Co., Inc. 
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where lakes, ponds, and rivers exist (loon, coot, grebe, duck, goose, 
swan). One group is found in marshy regions (snipe, killdeer, 
woodcock, sandpiper, bittern, heron, marsh hawk, marsh wren, 
rail, swamp sparrow, yellow leg, plover, and red-winged black- 
bird) ; while still another group is seen most frequently in the air 
(hawk, eagle, vulture or ‘‘buzzard,” swift, swallow, gull, tern). 
Some birds such as crows, quail, vesper sparrows, cowbirds, bobo- 
links, and grackles travel in flocks. 

The student of birds will also soon observe that there is a rather 
obvious distribution of birds according to altitude. By altitude 
is meant vertical distribution. When the observer is aware that 
the place to see certain birds is on the ground and that others 
are to be looked for in the treetops, the study of them is made 
easier. While there is no fixed distribution of birds according to 
altitude zones, there is, nevertheless, a quite definite stratification 
which is of value in field studies. 

On the ground stratum are to be found the nests of the meadow 
lark, towhee, ovenbird, whip-poor-will, thrasher, ground sparrow, 
white-throated sparrow, hermit thrush, veery, woodcock, quail, 
grouse, and others. In the undergrowth, from the ground to a 
height of about five or six feet, one can expect to find the nests 
of the chat, Maiyland yellow throat, mocking bird, chestnut-sided 
warbler, catbird, and various others. There are, of course, many 
variations of the usual nesting habits. 

On the lower branches of the trees and in the higher shrubs the 
nests of vireo, warbler, cardinal, cuckoo, mourning dove, chip- 
ping sparrow, waxwing, goldfinch, song sparrow, kingbird, and 
house-wren can be found. Up in the treetops there is an assort- 
ment of highly colored species that seldom descend to the lower 
levels. Among these are orioles, purple finches, wood peewees, 
cerulean, pine, blackburnian and other warblers, and the hawks, 
crows, and eagles. By recognizing the zonation of native species, 
the large representative fauna is split into smaller groups which 
render field studies considerably less difficult. 

Bird study should not be confined to a single season but should 
continue throughout the entire year. The bird calendar will 
reveal many species that can be seen only at certain times. In 
every region there is a rather large group of winter residents which 
are only a fraction of the total population of the year. The winter 
is probably the best time of year to begin field studies because 
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at this time the number of birds is considerably reduced, and the 
beginner is not confused by numerous species. Then, too, most 
of the trees and shrubs are leafless, and vision is not inhibited by 
great masses of foliage. No other season provides such splendid 
opportunities for seeing certain birds. Since food is rather scarce 
in winter, the birds are easily attracted to.feeding shelves, drinking 
pans, and lumps of suet. The Book of Bird Ldfe by Allen gives a 
splendid treatise on how to attract birds. ^ 

At the first outburst of spring, the return of the summer con- 
tingent begins; and the early spring is also an excellent time to 
study birds. The species appear a few at a time until May, when 
the amateur is overwhelmed with numbers. Many of these 
species, however, will not remain. They only pause in their 
northward migration to feed and rest, and in a week or so they 
leave. In almost any region there are many of these migrating 
species, and in many cases the few days in the migration period 
are the only opportunities for observing them. In this period a 
region has a larger bird population than it has at any other time 
of the year because many of the spring visitants do not stop in 
their return journeys in the fall. 

After the departure of the visiting species, the number is re- 
duced; and the summer residents which remain take possession 
of the countryside. They immediately begin the processes of 
courting, mating, and nest-building; and the air is filled with song. 
It is in this period that the activities of birds are most interesting, 
and their colors are the brightest. 

A carefully kept bird calendar will, after a few years, show the 
permanent residents, winter residents, spring visitants, summer 
residents, and fall visitants. It will also enable one to predict, 
with a degree of certainty, the dates of arrival and departure of 
each species. In almost every community these records are avail- 
able to those interested in making bird studies, and they greatly 
facilitate in establishing identities. Magazines such as Bird Lore, 
The Auk,^ The Wilson Bulletin,^ The Condor,^ and local nature 
club and Audubon society publications will prove of great value 
in bird studies. 

1 Other sources are listed in the bibliography at the end of this chapter. 

* The Auk is tho official organ of The A. O. U. 

® The Wilson Ornithological Club, Oborlin, Ohio. 

^ The Cotidor is the publication of the Cooper Ornithological Club, Pasadena, 
California/ 
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Field studies. Bird studies in the field are slow, and certainly 
they are not easy. The student cannot expect to learn to know 
all of the native birds in a short time. It will take years of ob- 
servation to become completely familiar with the bird life of a 
region. This, however, provides an excellent, permanent, inspiring, 
and recreational hobby for the student teacher or professional or 
business man. It is, for that matter, a wholesome and health- 
ful pastime for anyone, and it will provide an excellent extra- 
curricular activity for school children. It should help to solve 
the problem of the leisure hour and divert youth from question- 
able forms of entertainment. Moreover, the study of birds will 
contribute much to character-building; and it will develop a love 
for beauty in music, art, and social life. Class field trips are worth 
while provided that class interest has been stimulated and provided 
that the group is well disciplined in the necessary rules for bird 
observation. A noisy group, flashing a riot of color, will drive the 
birds as far away as possible; and the trip will degenerate into a 
walking trip with discouraging results. Bird studies in the field 
should be largely an individual ma.tter, although well-disciplined 
classes can make many observations. 

Each student should be equipped with a pair of field glasses. 
Inconspicuous clothing should bo worn, and progress should be 
slow and quiet. Early morning is the best time for bird study. 
It is best to proceed cautiously to some quiet, well-protected spot 
and wait patiently. The birds will soon resume activity, and many 
of them will approach within range of the field glasses and pause 
long enough for thorough observations. 

Bird descriptions. Before going into the field, the student 
should be familiar with the common bird orders and their out- 
standing characters. To properly describe a bird it is necessary 
to become familiar with the terminology used in bird description. 
Figure 196 represents the topography of a bird. It is used primarily 
for color descriptions. This should be copied in the field notebook 
for reference. To become familiar with bird description it is ad- 
visable t<i describe a number of common birds in terms of the 
topography in order to become familiar with their features. These 
descriptions can be made from mounted specimens in a museum 
collection, from bird skins, or from colored plates in bird books. ‘ 

‘ The Perry Bird Pictures (Perry Pictures Corporation, Malden, Mass.). Audubon 
charts and bird pictures used in advertising sewing machines, baking soda, etc., 
can also be used. 
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In addition to the color characters, the size of the bird and the 
structural features mentioned in the descriptions of the orders 
should be supplemented by the suggestions given a little later. 
All of these should be included in the field descriptions. This is 
the quickest and easiest way to learn how to properly describe a 
bird in the field. Of course all of the 23 characters on the chart 
are not necessary for each bird. Usually two or three of these 



characters are all that are necessary, but the < haractcrs will be 
different for every species; hence it is imperative that all of them 
be learned. After a little practice in bird description the student 
will unconsciously pick up various little tricks in observation 
which will enable him to identify a bird in a flash. Such characters 
as size of bird, position of legs, relative sizes of feet and wings, 
characters of wings, feet, bill, and tail, flight mannerisms, signal 
markings, habitats, behaviorisms, and others will soon become the 
bases of numerous specific identifications. The experienced ob- 
server will unfailingly identify a species in an instant; but when 
pressed for an explanation of ho'^v he identified it, ho sometimes 
has difficulty in explaining how he did. But in the beginning he 
had to go through all the details of topographical description, and 
his “ornithological sense” is the result of possibly hundreds of 
observations on a single species. 
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Classification. A list of the orders with their most obvious 
characters briefly stated is given below. ^ The names in parentheses 
are the older classification which is still in use to an extent, and 
which is commonly found in the older bird books. 

The student of birds should become familiar with the common 
bird orders and their distinguishing characteristics. In fact this 
is necessary in order to place a bird where it properly belongs, 
and it is the first step in determining new identities. Each order 
has, as a rule, a number of families, all of which are interesting 
but too numerous to learn. However, in the order of perching 
birds there are so many different kinds of birds, exhibiting a wide 
assortment of minor modifications and habits, that family groups 
should be learned. After all, it is interesting to know that crow’s 
and jays belong to the same family as do orioles and blackbirds; 
and until recently the robins, thrushes, and bluebirds were also 
grouped together. 

The orders are as follows: 

(1) Gaviiformes {Pygopodes). Aquatic diving birds with the 
webbed feet placed back near the posterior end of the body. 
Sharply pointed. Tail almost wanting. The loons (great northern 
diver and ruby-throated loons). 

(2) Colymbiformes (Pygopodes). The smaller aquatic divers. 
Long-necked, lobed or web-footed, toes flat, feet at rear of the 
body. Grebes (pied-billed grebe and homed grebe, both much 
smaller than the loon). 

(3) Procellariiformes (Tubinares), Bill hooked, hawk-like, the 
upper mandible enlarged at tip; nostrils open through tubes; 
feet webbed; hind toe reduced or wanting. Birds of the sea, 
including petrels and albatrosses. 

(4) Pelicanifonnes {Steganopodes). Pelicans, gannets, and cor- 
morants. Totipalmate swimmers with all four toes webbed. 

(5) Ameriformes {Anseres). Duck-like birds with four toes, the 
front ones webbed; flattened bills with tooth-like projections, 
ridges, or grooves on the sides. Ducks (many species), geese 
(two common species), swans (two common species). 

(6) Ciconiiformes {Herodiones). Wading birds with long bare 
legs; four toes all on the same level, slightly or not at all webbed; 

^ The classification listed here is baaed on the 1926 report of the A. O. U. com- 
mittee appointed to revise the classification of birds. The summary of characters 
is a modification of those in the appendix of Chapman’s Bird Life. 
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neck much lengthened; eyes back on head; lores usually bare. 
Great blue heron, green heron, little blue heron, American bittern, 
least bittern. 

(7) Falconiformes {Rapiores). Diurnal birds of prey with the 
upper mandible hooked; nostrils opening in a cere; head slender; 
all four toes armed with strong, sharp, curved talons; hind toe, 
except in vultures, as long as shortest front toe; flight rapid; 
plumage stiff and brittle. Hawks and eagles. 

(8) Coluinbiformes (Colurnbae). Four toes on same level, hind 
toe almost as long as shortest front toe; bill slender and grooved; 
nostrils open through a fleshy mass or cere. Doves and pigeons. 

(9) Galliformes (Gallinae). Scratching birds with four toes, 
three in front and one l)ehind; hind toe short and raised above the 
level of the others; bill hard and horny; wings comparatively 
short; feet and legs sturdy; outer primaries curved and stiffened. 
CliicKOiio, turkeys, pheasants, quail. 

(10) Gruiformes (Paludicolae). Running birds with four toes; 
hind too small, sometimes higher than front toes; bill short and 
stout; forehead has a bare shield; lores feathered or with bristles. 
Cranes, rails, coots. 

(11) Charadriiformes (Ldmicolae). Shore birds with four oi 
three toes, hind toe when present is much shorter than the shortest 
front too, and elevated; legs long and slender; lower half of tibia 
bare; wings long and pointed; bill in the snipe very long and 
flexible. Snipes, sandpipers, plovers, gulls, terns, phalaropes, 
jacanas, auks, murres. 

(12) Cuculiformes (Coccyges). Strong-billed birds with four toes, 
two toes in front and two behind; the toes fused together (zygo- 
dactylus) ; tails long. Cuckoos (yellow- and black-billed cuckoos) 
or ‘‘rain crows” and allies. 

(13) Coradifonnes (Coccyges). Long, prominent bill; large head; 
feet syndactylus, small and short; head with crust. Kingfishers. 

(14) Caprimulgiformes (Macrochires). Pointed-winged birds 
with small, weak feet; bill short and shallow; mouth quite large; 
long bristles on either side of the bill; plumage soft. Whip-poor- 
will, night hawks. 

(15) Micropodiifarmes (Macrochires). Pointed-winged birds 
with small, weak feet. Bill short, shallow, wide in swifts; but very 
long, slender, and needle-like in humming birds. Chimney swifts, 
humming birds. 



Phoebe 


Red-Wing Blackbird 

Plate XXL Some common birds. Sparrow Hawk after Sutton; all others 
after Judd, Bull. 17, courtesy Bur. Biol. Surv., U. S. Dept. Agric. 
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(16) Strigiformes (Raptores). Nocturnal birds of prey; large, 
broad head; eyes large; no neck; upi>er mandible strongly hooked; 
four toes, one reversible, all armed with long, curved talons; feet 
adapted for seizing; plumage soft, downy. Owls. 

(17) Piciformes (Pid). Pecking birds with long, pointed bills; 
feet zygodactylus, the first and fourth toes directed backward; a 
long and a short toe in front and behind; tail feathers pointed and 
stiffened; tongue spear-shaped, barbed. Woodpeckers, flickers, 
or “yellow hammers,” and sapsuckers. 

(18) Passeriformes {Passeres). Perching birds with four toes, 
three in front and one behind, all on same level; hind toe as long 
as the middle front toe and equipped with long nail. 

More than 75 per cent of the birds one sees in inland locali- 
ties belong to this order, which includes 25 families as follows: 
(1) cotingas (Cotingidae) (rare in North America), (2) flycatchers 
[Tyiunnic1ae)f (3) larks {Alaudidae), (4) swallows (Hirudinidae)^ 

(6) crows, magpies, and jays {Corvidae) ^ (6) titmice (Paridae), 

(7) nuthatches {Sittidae)^ (8) creepers {Certhiidae), (9) wren-tits 
(Chamaeidae)f (10) dippers {Cynclidae)^ (11) wrens {Troglodyti- 
dae), (12) thrashers, catbirds, and mockingbirds {Mimidae)^ 
(13) thrushes, robins, and bluebirds {Turdidae)^ (14) kinglets and 
gnat catchers {Sylviidae), (15) pipits and wagtails {Motodllidae), 
(16) waxwings {Bombydllidae), (17) silky flycatchers {Ptilogona- 
tidae)j (18) shrikes or butcher birds {Laniidae), (19) starlings 
{Siurnidae), (20) vireos {Vireonidae), (21) honey creepers {Coe- 
rebidae), (22) wood warblers {Mnioiiltidae)^ (23) blackbirds, 
orioles, and meadowlarks {Icteridae), (24) tanagers {Thraupidae), 
(25) finches, sparrows, grosbeaks, and crossbills {Fringillidae). 

It has been suggested that the field identifications are difiicult, 
and only repeated observations will establish identities. If a 
student learns to positively identify 25 birds in the field in a year's 
time, he is doing very well. At any rate he wll see many species 
that he does not know. However, he should get some pleasure out 
of being able to place the unknown bird even in its proper Order. 

Structure op the Body 

But bird studies must go much further than mere identities. 
Every bird should he of irderesiy whether its identity is known or not^ 
and it udll be if the principles of adaptation are learned and applied. 
These enable one to interpret a bird in terms of its environment, 
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and a little experience will develop an ability to determine the 
food and flight characters of almost every bird observed, even 
though the identity is not known. These are all revealed by the 
modifications of the bird's body structures — bill, feet, wings, and 
tail. 

The bill. The bill or beak is composed of two mandibles, upper 
and lower. These are always adapted to special feeding habits 



Fig. 198. Adaptive modifications of the feet of birds, a. Perching foot of 
a kingfisher; b. Foot of a coot with expansions for walking on mud; c. Wading 
foot of avocet; d. Clinging foot of a swift; c. Seizing foot of a hawk; f. Swim- 
ming foot of the tropic bird; g. Swimming foot of a duck; h. Scratching foot 
of a pheasant; i. Foot of a grebe adapted to swimming under water; j. Foot 
of a perching bird; k. Woodpecker foot for climbing vertical surfaces; 1. Foot 
of a wading bird. From Hegner after Sedgwick’s Zoology: c., f., h., j., k. after 
Kegne animal. 

and indicate the principal food of the bird. Everyone knows that 
the hooked upper mandible of the hawks, owls, and eagles is 
adapted to tearing flesh, indicating predatory habits. 

The long, strong, pointed bills of the woodpecker, flicker, and 
sapsucker are well adapted to boring into trees. Incidentally, the 
woodpecker has a spear-shaped tongue with backward-pointing 
barbs. When the burrow of a wood boring insect is reached, the 



THE STUDY OF BIRDS 


445 


tongue is inserted; and the barbed tongue rakes out the insect 
inhabitants. 

The long, slender, needle-like bill of the humming bird suggests 
a piercing habit. The bird is too heavy to alight on the flower, so 
it hovers over it and inserts its sharp bill into the flower cup and 
punctures the nectar glands. The doubly tubed tongue sucks the 



Fig. 1 99. The most important forms of birds* beaks, a. Flamingo; b. Spoon- 
bill; c. Yellow bunting; d. Thrush; e. Falcon; f. Duck; g. Pelican; h. Avocet; 
i. Black skimmer; k. Pigeon; 1. Shocbill; m. Stork; n. Aracari; o. Stork; p. Bird 
of paradise; q. Swift. From Hegner after Sedgwick's Zoology: a., b., c., d., k. 
after Naumana; g., i., m., o. after Rtgne animal; 1. after Brehm. 


nectar and then sweeps out the small insects that are usually seen 
in flowers. Some fish-eating birds, iike the kingfislier, have spear- 
like bills for harpooning their victims. 

The seed-cracking and bud-catiiig birds like the finches, spar- 
rows, and grosbeaks have large, deep, short, and hard bills. Some 
types of - bills are shown in Fig. 199. 
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The insectivorous birds such as flycatchers, catbirds, wrens, 
etc., have long, slender, shallow bills; and the upper mandible 
has a small, sharp hook at the tip for crushing the chitinous bodies 
of insects. Some of these birds such as creepers have very slender 
bUls which may be inserted into crevices in bark where smaller 
insects hide. 

An extremely long bill like that of the snipe is suggestive of 
probing habits and indicates insertion. On the snipe it is used 
for feeding on animals which live in the mud. The upper mandible 
is soft, flexible, and movable so that at each insertion the bird 
can feel around. This reduces the number of insertions necessary 
for securing a meal. 

Chimney swifts, swallows, and whip-poor-wills feed on the 
wing, usually with the mouth open. These birds have a wide, 
short, and shallow bill which increases the gape. The large mouths 
enable them to sweep insects from the air. 

The ducks and geese, which frequently secure their food under 
water, have spoon bills with rows of marginal teeth. When mouth- 
fuls of bottom material are taken, the teeth allow the water to 
drain out; and they strain the solid matter from the water. 

There are frequently bills which exhibit both insectivorous and 
seed-eating characters (e.g., grackle), and these are indicative of 
omnivorous habits. 

One of the mast remarkable bills is that of the American cross- 
bill which is well adapted to extracting the seeds from the cones 
of pines and other evergreens. In this bird the mandibles are 
curved and cross each other like a pair of scissors. 

Most of the insectivorous birds are forced to migrate in winter 
when insect activity has ceased; but those which have bills adapted 
to reaching in crevices of bark, to tearing cocoons, plucking scale 
insects and the tiny eggs of plant lice from the twigs are able to 
survive the winter months; and it is not necessary for them to 
migrate. These constitute a large percentage of winter residents 
and include titmice, chickadees, creepers, nuthatches, downy and 
haiiy woodpeckers, golden-crowned kinglets, winter wrens, and 
bluejays. 

The seed-eating and bud-eating birds including redbirds or 
cardinals, certmn sparrows, goldfinches, purple finches, crossbills, 
and juncos are able to secure enough food from weeds, berry 
bashes, and trees to tide them over. Of course a bird’s diet is not 
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invariable; and even the English sparrow with a seed-cracking bill 
does not hesitate to gobble down a luckless fly or measuring worm, 
should it get too close; and young sparrows are fed soft insects 
until their bills harden sufficiently to crack seeds. 

The feet and legs. When one sees a bird with long, bare legs, 
like those of the heron, he recognizes it immediately as a wader. 
It must necessarily have a long neck, and usually it has a long bill 
to insert in the water. Its eyes are further back on the head, and 
the lores are bare. The toes are long so as to distribute the weight 
and prevent the bird from sinking into the mud. 

The webbed feet of ducks and geese immediately indicate 
swimming; and the coots, grebes, etc., with their flanged or lobed 
toes, show adaptation to walking on mud. 

The grasping feet of the hawks, owls, and eagles, with their 
long talons, clearly enough suggest their use. The vultures, which 
are also birds of prey, feeding only on dead animals, do not have 
to pursue and capture their victims; and they, therefore, have 
lost the grasping feet although they still retain the hooked bill. 

The large, well-developed feet of chickens, turkeys, and pheas- 
ants indicate that these birds spend most of their time on the 
ground. The hind toe is short and elevated so as not to interfere 
with their scratching. In winter the grouse develops feather-like 
or comb-like projections along the toes which enable the bird to 
walk on snow by producing a snowshoe effect. 

The woodpeckers are able to cling to vertical surfaces by means 
of their modified feet which have the toes arranged two in front 
and two behind. Perching birds have their toes all on the same 
level, with the hind toe quite long and bearing a large nail. This 
arrangement enables them to clasp a perch. 

The small w’cak feet of swifts and humming birds indicate that 
they spend considerable time on the wing. Some types of birds’ 
feet are shown in Fig. 198. 

The wings. While the wings are primarily organs of flight, they 
sometimes are used for other purposes. In the ruffed grouse they 
are used as musical instruments. This bird has no call and resorts 
to ‘‘drumming” with its wings. In reality the rniigs do not strike 
the log on which the bird chooses to disport itself, the sounds 
being made entirely by fanning the air with the wings. The w’ood- 
cock, too, uses its wings in such a manner as to produce peculiar 
sounds .w hen courting. Frequently the wing is the seat of sexual 
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adornment, and the male spreads his wings and displays all of 
the colored feathers when courting. 

Among many birds the wings are used as organs of defense, and 
anyone who has encountered a hen with chicks or who has run 
afoul of a goose knows that these birds can very effectively beat 
off an intruder with their wings. 

In South America there is a bird called the hoactzin, the young 
of which has a finger-like claw or hook on the thumb and first 
fingiT of the wing by means of which it climbs about over the 
branches. 

The gallinules also have a small spur on the wrist which young 
birds use to assist them in making a getaway through the reeds. 

The penguins of the Antarctic, having few enemies, have lost 
their ability to fly; and the wings have become modified into 
paddles or flippers by means of which they are able to swim. The 
penguins being typically aquatic diving birds have their feet at 
the rear of the body so that when walking on land their bodies 
are nearly erect. When disturbed in their nesting places, these 
birds, in their haste to reach the water, use their modified wings 
as front legs. The size and shape of the flying wings are indicative 
of the flight habits of birds. 

In this connection it might be well to discuss certain characters 
of flight and to point out some of the adaptive features which 
will prove of interest in making field observations. 

The flight of birds and other animals. Flight ability is evidently 
associated with an ancestral adaptation to arboreal existence. It 
is of great advantage to animals in escaping from enemies, seeking 
food, migrating from unfavorable localities, and in the distribu- 
tion of species. The ability of animals to remain in the air depends 
upon the two principal factors: (1) the ratio of the horizontal 
surface exposed to body weight, and (2) the rate of movement. 
Animals having considerable weight in proportion to horizontal 
surface cannot make long flights. 

There are two kinds of flight, active and passive. Active flight 
is the effect of flight mechanisms involving propelling apparatus 
such as wings. Passive flight is effected by specialized attachments 
and modified appendages which assist organisms in remaining 
aloft. Hair tufts such as those on the seeds of goldenrod, wild 
lettuce, and milkweed; the wing structures on the seeds of the 
pine, ash, elm, and maple; the floating thread of the ballooning 
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Plate XXII. Some common birds. Starlinf; after Sutton; Bewick’s Wren 
from Evans, Birds, courtesy The Macmillan Company; Great Homed Owl 
from Newman, Vertebrate Zoology, courtesy The Macmillan Company; all others 
from Judd, Bull. 17, courtesy Bur. Biol. Surv., U. S. Dept. Agric. 
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spider; the large, wing-like pectoral fins of fl3nng fishes; the skin 
flaps of flying lizards and flying squirrels, etc., are all apparatuses 
for passive flight. Passive flight includes gliding or volplaning and 
soaring. Native birds are all capable of active flight in variable 
degrees, and a number of them are also capable of passive flight. 
In all cases there are specialized wing characters which enable 
one to recognize the more obvious flight habits of birds in general. 
Small birds have relatively larger wings than big ones. For each 
pound of body weight a swallow has a wing area of four square 
feet, 18 square inches; a pigeon has one square foot, 14 square 
inches; a stork has 122 square inches. But it is necessary for 
small birds to move their wings more rapidly. For instance, it 
has been found that a sparrow vibrates its wings 780 times per 
minute; a duck 540 times per minute; a crow 120 times per minute. 
It is more difficult for a heavy bird to get started; but when it 
does, it is easier for it to keep going. On the other hand, the 
heavy bird cannot stop so easily. A light bird can take off sud- 
denly; it must keep vibrating its wings rapidly to keep going, 
although it can approach a perch at high speed and stop rather 
suddenly. 

The comparatively short and rounded wings of chickens and 
grouse suggest’ that these birds spend most of their time on the 
ground and fly little. Such wings are moved rapidly and enable 
the birds to^ake a quick getaway; but so much energy is ex- 
pended that they soon tire, and they can fly for only short dis- 
tances. Other birds such as some flycatchers (kingbird) and hawks 
(Cooper's and sharp-shinned) which lie in wait for their victims 
have wings somewhat similar. But in the hawks that soar the 
wings are quite different. In these, as well as in vultures and eagles, 
the wings are large and very broad. Vultures (turkey buzzards) 
have been known to remain in the air for more than seven hours 
without flapping their wings. These soaring birds are supposed 
to utilize upward currents of air to hold them aloft (although 
this has been recently questioned); and they usually soar in 
circles. It is said that soaring for long periods is not possible on 
cloudy dajjrs or in cold weather. Soaring is possible only when the 
earth is heated by the sun^s rays. 

Gulls and twns have long, narrow wings; and they are able 
to remain in the air for many hours. Sometimes these birds are 
also able to take advantage of the upward air currents to keep 
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aloft, but as a rule they do not soar. The long, narrow wing is 
well adapted to gliding, however; and fish hawks, marsh hawks, 
and gulls frequently indulge in gliding or sailing although they 
cannot soar. 

The chimney swifts, swallows, humming birds, whip-poor-wills, 
and numerous other birds have long, pointed wings. These birds 
cannot soar; but since most of them are active predators, they 
must be able to develop speed in order to overtake their victims. 
The pointed wings vibrate rapidly, and their possessors arc usually 
excellent fliers. 

The plumage of the wing may be harsh and stiff as in hawks, 
or it may be soft as in owls. The hawks are much more rapid 
fliers than the owls, and their wings make considerable noise in 
flight. The owl, lacking sufficient speed to overtake other animals, 
must silently sneak upon its victims. 

rpgard to the speed of flight, it has been found that a few 
birds ha\’e a flight capability of over 100 miles per hour; but it is 
usually much less. Homing pigeons may maintain a speed of 
55 miles an hour for several hours, and herons have been known 
to fly at 35 miles per hour. Wild ducks and geese average about 
50 miles an hour, but the smaller birds usually average about 
30 miles per hour. 

The tail. The tail serves many purposes among birds. On the 
average inhal)itant of the trees the tail serves as a balancer while 
the bird i)erches. You ha^'o probably noticed the movements of 
the tail when a bird is perched on a swaying Wire or twig. 

In a number of birds there are vast differences in the tails of 
the sexes. In these cases the tail of the male is usually adorned 
and modified for courting. For instance, the peacock has a gor- 
geous tail of which he seems quite proud, and he docs not hesitate 
to spread it in such a way as to reveal its splendor to the female. 
The turkey gobbler has a large, bedecked tail with which he 
attempts to win the favor of some less fortunate and unadorned 
turkey hen. In pheasants, game cocks, bantams, birds of paradise, 
and others, the tails of the males exhibit secondary sexual char- 
acters and are much more elaborstte than in females. 

In most birds the tail is used as a rudder in flight; and the most 
graceful fliers, such as swallows and terns, have long, forked tails 
which enable them to turn quickly to the right or left, which short- 
tailed birds cannot do. 
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The tail is used by practically all birds in stopping. The tail is 
directed downward and spread to its full extent in order to retard 
flight. Soaring birds have broad tails which increase the surface 
exposed. 

On birds which cling to vertical surfaces the tail serves as a 
prop, and the feathers are usually pointed and stiffened. Wood- 
peckers, nuthatches, and creepers have tails like these. The chim- 
ney swift, however, which also uses its short tail as a prop, has 
bare, needle-like protrusions on the tips of the tail feathers. In 
water birds the tail is usually much reduced or apparently wanting. 

There is considerable evidence that the white outer tail feathers, 
color bands, and other markings on the tails of some birds serve 
as recognition markings, by which they spontaneously recognize 
others of their kind. 


The Colors of Birds 

The colors of birds are probably responsible for stimulating 
the first interest in them. Certainly no other animal group ex- 
hibits, or carries so well, the coat of many colors so characteristic 
of birds. Coloration is usually structural, being due to the analysis 
of light by refraction and reflection through modification of the 
surface of feather structures. Thin films with striations and other 
markings are quite frequently responsible for the colors reflected 
(indigo bunting). Sometimes the color is the result of a combina- 
tion of pigment and structural markings, especially blues and 
metallic colors'. In a few cases the color is entirely due to pigment 
as in the scarlet tanager. There is considerable evidence to show 
that intensities of color in both birds and insects are largely due 
to conditions of humidity. 

Abnormalities of color occasionally appear. Some of these are 
extremely dark coats exhibiting melanism, and an individual of 
a light-colored species may be almost black. 

On the other hand, albinos not infrequently appear. These are 
just the opposite of melanic forais in which there is an excess of 
pigment. Albinos have a total lack of pigment and are therefore 
white. White crows, white blackbirds, white robins, and white 
wrens are frequently reported. Both melanism and albinism arc 
genetic characters, and they are characteristic in numerous animal 
groups. Albinism is explained elsewhere. 

As a rule among the brilliantly colored birds the gaudy coat is 
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restricted to the male; or he is, at any rate, by far the more bril- 
liant. This is true of the indigo bunting, goldfinch, scarlet tanager, 
red-winged blackbird, wood duck, and rose-breasted grosbeak. 
In many of these cases the male is brilliant only during the breed- 
ing season, after which the bird molts; and the new plumage 
is dull and does not contrast so noticeably with that of the female. 
Ill a few instances, such as among the phalaropes, the female is 
the brighter. The usual duller color of the female is of great 
advantage, since it is necessary for her to remain on the nest 
while laying eggs and during the incubation period. A brilliant 
coat would render her too conspicuous and subject her to too 
many dangers. 

Among those species such as the red-headed woodpecker and 
the belted kingfisher, where the females are as gaudily colored as 
the males, the nest is usually concealed within a tree or an excava- 
tion in the ground; and the female may brood in comparative 
Sdicij^. Brilliantly colored birds are usually seen in more or less 
open places where enemies cannot lurk unseen, while those species 
which have prot(?ctive coloration are inhabitants of the thickets, 
grasses, or the forest floor. Hence the goldfinch perches on the 
top of a tall weed, and the tan^igers occupy the treetops; while 
the sparrows that feed on the ground have striped bodies (grass 
pattern), and the quail is mottled like a patch of dead leaves. 

The young of most brilliantly colored birds are inconspicuously 
colored. The young of robins and bluebirds have mottled breasts 
like other thrushes, and lack the colors of the adults. The young 
male grosl)cak lacks the showy colors of its father and more nearly 
rosoml)los its duller-colored mother. The young kingfisher and 
the woodpeckers are exceptions, however. The colors of birds, 
in addition to those of courtship and sexual differences, are usually 
protective, although many of them appear conspicuous on close 
examination. Like most other animals the bodies of birds are 
counter-shaded. That is, they are dark on the back and lighter 
beneath. This is a camouflage quite general in nature and breaks 
the outline of the body since the light underside reduces shadows. 
The color markings are usually ruptive, mimicking, or concealing; 
and birds so marked almost invariably select habitats with suit- 
able backgrounds for their activities. The grouse, quail, and wood- 
cock with their patches of light and dark brown are inconspicuous 
on the ground in a woodland. The sparrows, female red-winged 
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Beach Nest of the Piping Plover Nest of the Florida Gallinule 



Nest of the Ruflfed Grouse Floating Nest of the Pied-Bill Grebe 



Nest of the Ruby-Throated Humming- Nest of a Tree Swallow in a Fence Post 
bird 

Fig. 200. Types of birds’ nests. Photographs by Reinhold Frickei 
Carnegie Mus. 
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blackbirds, and meadow larks have the striped grass pattern. 
The screech owl is dimly visible when silhouetted against a tree 
trunk, and the short cross markings on the underside of a great 
horned owl make the bird almost mvisible in a hemlock tree. The 
sandpiper and the plover which patrol the beaches are speckled 
so as to resemble the sand, and the killdeer has ruptive cross bands 
of black across the breast. The birds that lie in wait to capture 
insects on the wing are always dully colored and of such a hue as 
to make them pretty well resemble the background of foliage. 
Hiding in the recesses of the foliage, waiting for insects to pass 
at close range, the vireo and flycatcher would be too easily spotted 
by their victims were they gaily decked with colors. 

The whip-poor-will, which crouches lengthwise on a dead log 
during the day, is difficult to see; while some birds, as the bittern, 
have long, slender necks and bills which they stretch upward so 
as to -^emble reeds, when disturbed. 

There seems to be no doubt that certain bands or spots are of 
value ill assisting others of their kind in identifying them. The 
white rump of flickers and bobolinks; the white band across the 
wings and back of the red-headed woodpecker; the white outer 
tail feathers of j uncos, vesper sparrows, chewinks, and meadow 
larks are all flash or signal markings which not only serve as iden- 
tification characters for other birds, but they also assist the student 
to readily identify them. In addition they may be of value in 
confusing enemies and in signaling a warning tci other birds that 
danger approaches. Some common species of biids are shown in 
Plates XXI, XXII, and XXIII. 

The Food op Birds 

The economic status of a bird is too frequently based upon a 
few iiiiidequate observations of its feeding habits. Many of these 
observations are cursory and superficial, and they result in er- 
roneous interpretations. The rose-breasted grosbeak has been 
one of the victims of such a procedure. It lias Ixicn observed dis- 
turbing potato plants; and the observers accused it of destroying 
them when in reality the bird was st'eking the larvae of the destruc- 
tive i^otiito beetle. For many years the rose-breasted grosbeak 
enjoyed a. bad reputation and was persecuted for its activities 
until , someone discovered its beneficial proclivities. It is now 
knowm tis one of the few birds that will eat the potato beetle. 
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The farmer who secs a blackbird in his cornfield does not stop 
to consider that the bird which does sometimes unearth planted 
corn also feeds upon grubworms and other insects which might 
seriously jeopardize the ultimate crop. Therefore the data obtained 
through the stomach examinations of birds by trained individuals 
should be the bases of determination in establishing the beneficial 
or harmful qualities of a species. Just because one or a few indi- 
viduals, or even a flock of them for that matter, offend against 
man’s welfare is no reason to assume that all members of a species 
everywhere are to be placed in the same disreputable category. 

Extensive and reliable studies of the food of birds are available 
in government bulletins, bird books, and in numerous other pul> 
lications. These should be consulted before opinions are fixed. 
Of the vast bird population in a state or county, very few are 
harmful. These few should be learned and their habits studied. 
In till. Er«st, the great-horned owl, duck hawk, Cooper’s hawk, 
sharp-shinned hawk, starling, and English sparrow are the com- 
monest of the objectionable species of birds. 

It is a matter of common knowledge that many birds are omniv- 
orous, eating both animal and vegetable matter, while others 
are insectivorous or carnivorous. The hawks, owls, and eagles 
devour living prey which may be other birds, snakes, frogs, or 
small mammals. They are particularly valuable in keeping down 
the number of destructive rodents. Even the sharp-shinned hawk 
and Cooper’s hawk, which are considered the v.^rst offenders in 
destroying chickens and beneficial birds, also estroy harmful 
rodents and snakes. On the whole, hawks are beneficial; and the 
common resentment against them is, for the most part, unjustified. 
The eagles, which occasionally take 5’^oung sheep, have become 
too scarce in most sections to be an important factor. While all 
birds of prey may take species of birds and mammals which are 
decidedly beneficial, most of them compensate for this destruc- 
tion by eradicating great numbers of harmful kinds. Greater 
thought should be given to the establishment of better protection 
for them. There is a widespread misconception of the valuable 
traits of these birds of prey, especia-!v among sportsmen. Merriam 
estimated that the state of Pennsylvania suffered over two million 
dollars’ damage from its famous “Scalp Act” which provided for 
the payment of bounties on a great number of hawks and owls. 

Tlie vultures and magpies chiefly feed upon carrion, and they 
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are valuable as scavengers. In some states the bluejay and the 
shrike or butcher bird are not protected because they are thought 
to destroy the nests, eggs, and young of other birds. The shrike 
imdoubtedly kills smaller birds such as wrens, but it also feeds 
upon mice and insects. The bluejay is a permanent resident, and 
it may occasionally disturb other birds’ nests; but in the winter 



House Wren Bam Swallow Catbird 

Fig. 201. Food of adult birds. After Judd, Bull. 17, courtesy 
U. S. Biol. Surv., U. S. Dept. Agric. 


it could not subsist on the eggs and young of other birds. Its food, 
even in summer, consists mainly of fruits, seeds, and insects. 

The seed-eaters such as the sparrows and finches render a 
valuable service in destroying the seeds of noxious weeds. Crows 
and blackbirds will frequently destroy com which has been planted, 
and in such/sases the offenders should be punished; but the whole- 
sale destruction of any species is to be deplored. Crows sometimes 
take young chickens; and they undoubtedly destroy the nests 
of quail, grouse, and pheasants. They also eat small snakes 
and frogs. 

The insect-eating birds are remarkable factors in reducing the 
damage done by insects. Catbirds, wrens, warblers, flycatchers, 
thrushes, vireos, larks, and a host of other insectivorous birds 
render a service to agriculture that cannot be estimated, and 
these birds are among the greatest and most valuable friends of 
man. Even the English sparrow, w’’hich is so generally despised 


because^f its pugnacious habits, is a valuable ally because of its 
destruction of weed seeds, insects, and waste matters. Young 


sparrows are fed on a diet of soft-bodied insects such as measuring 


worms and other larvae until their beaks arc hard enough to crack 


seeds. The worst feature of the English sparrow is its habit of 


keeping away other beneficial birds. All of the sparrows, finches, 
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and grosbeaks are chiefly vegetable feeders. The bobolink feeds 
upon seeds and insects in the North, but in the South it is some- 
times called the rice bird. Traveling in tremendous flocks, the 
bobolink is said to do considerable damage to the rice crops of 
Louisiana. 

Robins feed mainly upon insects and earthworms, but they 
also destroy many chetries and other small fruits. In fact they 
have become a problem in some sections, although they may 
manifest a preference for wormy fruits. 

• The kingfisher receives no protection in many sections because 
it is said to eat many fish which it kills with its spear-like bill. 
Other fish-eaters include the loons, gulls, terns, grebes, and os- 
preys. Herons and cranes also eat fish, but their diet consists 
mainly of frogs and crayfishes. The gulls, while chiefly scavengers, 
also devour living fishes. 

In f^'oHing there is a vast assortment of practices which are 
definitely related to the structural features of birds. The flight; 
the use of the feet and bill; and the places in which food is taken 
are all of interest in field observations. In the water, for instance, 
some birds like the ducks dive to the bottom for the stems and 
roots of aquatic plants. The loons and grebes dive and pursue 
fish under water. Swifts, swallows, whip-poor-wills, and night- 
hawks feed upon insects which they capture on the mng. The king- 
bird sits on a bough or a telegraph wire and darts after flying 
insects. Vireos hide in the recesses of the foliage waiting for pass- 
ing insects which they pursue and which they bring back to the 
perch to eat. Cooper ^s hawk also waits on a perch for victims to 
make their appearance. Chickens, quail, and turkeys scratch in 
the dirt for insects and seeds, .while swallows somc'times swoop 
down and pick up floating insects from the surface of the water. 
Chickadees, nuthatches, brown creepers, w’^arblers, and titmice are 
gleaners or scratchers; and they find their food, which is entirely of 
•insects, on the stems, under the leaves, and in the crevices of bark. 
Woodpeckers drill into the wood for larvae and adult insects; and 
humming birds have long, pointed bills for taking the nectar from 
flowers. Associated with all of these habits are the a<^laptive fea- 
tures mentioned above. 

There are numerous sources of information about the food 
habits and economic importance of virtually every species of bird. 
While some of them may become destructive and at times menace 
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man's crops as well as the supply of game birds, mammals, and 
fish, the class of birds, as a whole, is a powerful and beautiful 
regulating unit allied with man in his efforts to find and produce 
sustenance. As a unit, it stands alone in its ability to invade every 
stratum of the environment in search of destructive pests. 

Figure 201 shows the diet of three common biids. 

Nests and Nesting Habits of Birds 

The architecture of nests provides an interesting study which 
contributes to a well-rounded knowledge of birds. It also gives’ 
an insight into their engineering ability, as it evidences the attempts 
of these delightful creatures to provide for their offspring. The 
ingenious methods of attachment and construction of the nests 
and the cleverness with which they are concealed serve to increase 
respect for birds. Associated with the studies of nests and nesting 
habits are those pleasing observations of parental care so highly 
developed in birds. 

The fact that each species has a more or less definite type of 
situation in which it nests has already been referred to. In the 
Handbook of Birds of Eastern North America Chapman tells where 
to find them. In the Book of Bird Life Allen gives a splendid key 
to the identification of nests. The descriptions of the nests of 
any local group would require many pages and without illustra- 
tions they, would be inadequate for ready identification. The 
references at the end of the chapter will prove of value in identifying 
them. 

The best time to study nests is in winter when they are easily 
seen and when they can be collected without injury to their 
builders. Of course the student will wish to see the birds build 
their nests; and during the nesting season he may even place 
desirable material such as string, cotton, dried grass, paper strips, 
and horse hair where the birds can be seen collecting it. He will 
also want to see the eggs and the young, but every precaution 
must be taken against injuring them or driving the parents away. 
When an occupied nest is studied, care should be taken not to 
pull down a branch and then let it go, for the eggs or young will 
be thrown out. If the branch is broken, it will be necessary for 
the parents to build another nest; and you may lose some desirable 
bird neighbors, for they will in all likelihood leave the immediate 
vidnity. While most species nest and lay their eggs in the spring 
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or early summer, some of them produce several broods in a season. 
The owls rear their young in winter, as a rule. 

Eggs may be observed and their color and number recorded, 
but they should not be collected or handled. The young birds 
are often differently colored from their parents, and as in the 
robin and bluebird their color pattern shows their relationships. 
It is interesting to note that when the adult sexes are similarly 
colored, the young have a tendency to resemble their parents. 
Another interesting observation that should always be noted 
when studying nests and young is the condition of the young 
when they leave the egg. Many birds are born naked, and such 
species are raised in the nests. Such birds are called altricial, and 
the nests are usually complex in their construction because they 
are used for such a long time. Among the altricial species are 
robins, bluebirds, catbirds, sparrows, warblers, flycatchers, and, 
in most of the tree-inhabiting birds as well as some ground 
nesters. The altricial species which do not make complex nests 
always find a well-protected cavity in which to rear their young. 

, On the other hand, the young of pheasjxnts, quail, grouse, ducks, 
snipe, plover, gulls, terns, turkeys, loons, and grebes leave the 
nest shortly after hatching and accompany their parents on for- 
aging expeditions. Their bodies are pretty well covered with down 
and feathers when bom. Such birds are preeocial, and they make 
rudely constructed nests which are sometimes nothing more than 
a loose collection of sticks. The nests in preeocial birds serve 
merely to hold the eggs, and they are not used r a long time as 
are the nests of altricial species. There is therci’ore no need for 
sturdy construction. The majority of preeocial birds build their 
nests on the ground. 

The concealment of nests depends upon the protection offered 
and upon the condition of the young at birth. While there is 
much to be learned about the use of the same nest by a species, 
it is well known that some species return to the same nest the 
following year. It is doubtful if the nest can be used for more 
than three seasons, and repair is always necessary the second 
season. 

There are many agents which destroy the nests of birds — winds, 
rain, hail, other birds, squirrels, opossums, skunks, weasels, minks, 
cats, snakes, and human beings. 

Birds use all sorts of material for their nests, which are placed 
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in a great variety of situations. Chimney swifts place their nests 
of woven twigs on the vertical surfaces of brick walls, securing 
the nests with a gluey substance which the parent birds vomit. 
The oriole uses mosses and plant fibers, and it hangs its nest 
from a drooping bough. It provides safety for the eggs and young 
by making the nest deep with a narrow opening at the top so 
that when the bough swings through an arc, the eggs or young 
cannot fall out. Humming birds use downy seeds and collect 
lichens from the barks of trees. The woodpeckers nest within the 
trunks of trees. The bank swallow and kingfisher nest in excava- 
tions, usually in clay banks. Wrens, bluebirds, nuthatches, crested 
flycatchers, chickadees, and others utilize small holes and cavities 
in trees, while owls select large cavities. Red-winged blackbirds 
attach their nests to standing reeds in marshes. Gulls and terns 
lay their eggs on sand in the center of a loose collection of sticks 
and pebbles. The grebe and marsh hawk build floating nests, 
made of the stems of reeds and rushes. Robins always have a 
middle layer of mud covered with dry grasses, as do wood thrushes 
and grackles. One of the principal objections to the sparrow is. 
its untidy nest which is usually placed in most unfavorable loca- 
tions for our comfort. But the list is too large for inclusion here. 
The student is referred to the books mentioned above and to the 
other references at the end of the chapter for full descriptions of 
nests and their locations. 

In the study of nesting birds the student should find the answers 
to such questions as: Does the male select the nesting site? Where 
does each species normally build its nest? Do both birds construct 
the nest? How many eggs are laid? What are the colors of the 
eggs? Do both birds incubate the eggs? Do both sexes feed 
the young? When does the mating season begin? At what time 
are the eggs laid? When do they hatch? Is there more than one 
brood in a season? How long do the young remain with the 
parents? Are they naked or clothed at birth? When do the young 
first leave the nest? 

Some types of birds' nests are shown in Fig. 200 on page 454. 

The Migration of Birds 

One of the.most astonishing phenomena in the animal world is 
the migration of birds. In every community there occurs a rather 
q)ontaneous increase in the number of birds at certain seasons. 
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In the spring the birds arrive in countless numbers to take up a 
temporary residence with us, and soon the horde scatters over 
the countryside to build their nests. But after summer is over 
and fall winds foretell the coming of winter, they flock together 
with impatient actions; and suddenly they depart. To the average 
person this is the extent of knowledge of bird migration. The 
"Student of birds, how’^ever, is not content with such inadvertent 
observation and so meager a knowledge. He begins to wonder 
what it is all about and why it all happens. He asks such questions 
as: Why do birds migrate? What force or forces in nature prompt 
these feathered creatures to manifest such a wanderlust? Where 
do they come from, and where do they go? Of what biological 
significance is this migration? What factors are involved in such 
a mass movement? 

Books have been written about bird migration, and to answer 
these niiestions in full would require more space than this book 
permits. The references at the end of the chapter will prove of 
value to the interested student. Then, too, some of these ques- 
tions cannot be answered, for there is much to be learned about 
the migration of birds. Certainly the birds are better adapted 
to migrating than any other animal group, and a wide dissemina- 
tion of species is to be expected; but when the known facts of 
bird travel are considered, the factors involved are numerous and 
at times enigmatical. 

There is no question that food is a determining factor in migra- 
tion. The insectivorous birds, with the exceptio’ of those capable 
of feeding on insect eggs, pupae, and on adult insects hibernating 
in the crevices of bark, must move southward when insect activ- 
ity ceases in the fall. The seed-crackers and scratchers are fre- 
quently able to find sufficient food in winter, and many of them 
remain. 

But the remarkable features of the southward migrations are 
that those which migrate do not usually stop when they arrive 
at suitable feeding grounds. Many of those species go thousands 
of miles more than is necessary to find food. Furthermore, some 
of the migrating species leave behind them some close relatives 
which find sustenance during the winter months. Then, too, the 
snow bunting, tree sparrow, redpoll, and kinglet, which nest in 
the Northland, close to the arctic circle, come down to the northern 
states to spend the winter with the chickadee, nuthatch, downy 
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and hairy woodpeckers, and the other winter residents of our 
woodlands. 

The bobolink, veery, golden plover, warblers, vireos, some fly- 
catchers, swallows, black poll warbler, and many others travel 
to different parts of South America. The arctic tern, which 
nests in the Far North, migrates to the Antarctic, a distance of 
11,000 miles, to spend the winter. It is said that this bird sees' 
more hours of daylight than any other bird in the world. The 
long arctic night is the probable impetus for migrating, and its 
trip to the Antarctic requires about ten weeks. Its daily average 
would be approximately 150 miles per day. The golden plover 
is reputed to make the longest non-stop flight. Its normal haunts 
are along the arctic coast of North America, where the breeding 
season is short. Shortly after hatching, the young migrate to the 
coast of Labrador and then move on to Nova Scotia. From here 
they begin an oceanic voyage of 2400 miles to the northeast coast 
of South America, later crossing the equator which is the end of 
their journey. The return route is frequently a more nearly 
direct one. 

The wood thrush winters in Central America, while the robin 
and bluebird remain in our southern states. Northerners who 
winter in Florida must be astounded by the huge flocks of robins 
which inhabit the Everglades or which sometimes descend upon 
the towns i^ units numbering thousands. 

It seems as though some impelling instinct is the causative 
stimulus for these extensive journeys, and a study of the history 
of birds indicates that this is so. 

When the North country was covered with snow and ice, the 
frigid temperatures precluded plant and insect activity on a large 
scale. In those days the bird life was confined to the southern 
hemisphere where food was obtainable. As the glaciers receded 
and the land once more became habitable, the birds progressed 
northward; and it may be that extensive migrations are the result 
of an instinctive call to ancestral homes. That this is a possible 
factor is further indicated by the fact that some northern summer 
resident migrate across the Atlantic where they join their Euro- 
pean relatives for the southward journey. 

Migration ^usually takes place at night, and the honking of 
geese in the middle of the night is not uncommon in the migration 
periods. On moonlight nights thousands of migrating birds can 
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occasionally be seen as they pass between an observer and the 
moon, their dark bodies silhouetted against the lunar light. At 
daybreak they dc^scend to feed and rest and then take off again 
when night settles. There are some birds which migrate by day, 
such as robins and swallows; and quite a number travel both by 
-,day and by night. 

There are many dangers attendant to migration. Tall buildings 
and smoke stacks are frequently responsible for the deaths of 
thousands of migrating birds which fly against them in the dark- 
ness. The lights of lighthouses confuse many of the travelers 
and cause them to batter themselves to death against the glass. 
High winds sweep numbers of birds out to sea, and on one occasion 
the writer while traveling on a freighter to an obscure port in 
South America counted over 300 birds which had settled on the 
ship some 200 miles off the Venezuelan coast. Most of them 
were so exhausted when they alighted that it was not possible 
for them to fly again for many hours. These were only a fraction 
of vast hordes which very likely did not find a resting place. 
Storms frequently beat down the migrants, and they are responsi- 
ble for thousands of casualties. 

In migrating there are definite routes which are followed as a 
rule, although when food is scarce the birds may take an entirely 
different one. While most species follow highways, such as 
mountain-chains, river valleys, and land connections between 
continents, there are certain species which travel over vfist ex- 
panses of water in taking the shortest route. Plate XX shows 
some of the routes of migration between North and South 
America. 

Most of the data about bird migration have been obtained 
through banding. Aluminum bands, with locality and date records 
on them, are placed on species which are trapped and later re- 
leased. Bird-banding societies and investigating scientists are 
continually studying the extent of migration, and correspondents 
all over the world cooperate in the collection of data. The Amer- 
ican bird-banding associations are making valuable contributions 
to the ever-increasing knowledgeof bird travel. 

The marvels of bird migration are many; and who would not 
like to know the answer to such questions as: How do they as- 
semble in thousands for journeys en masse? What instincts guide 
them in their long and perilous flights? How can they find their 
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ways back to the nesting sites of previous years? What are the 
signs by which they know just when to start north and south? 

Certainly their perseverance and energy are splendid virtues 
which we humans would do well to emulate. 

The bird calendar. The values of a bird calendar have already 
been suggested, and every class in bird study should keep one. It 
serves to stimulate active interest in observations; and when prop- 
erly made, it is the basis for determining local species, their habitat 
selections, the dates of arrival and departure, visitants, etc. 

On the calendar the name of the bird, where and when it was 
first seen, and the observer's name should be listed. When pos- 
sible, the activities such as swimming, wading, scratching, fljdng, 
soaring, feeding, etc., should be listed. School calendars may be 
made on large sheets of white wrapping paper or on cardboard; 
and they can be made attractive by placing a colored picture of 
the species with the observation record. Individual records for 
each bird can be kept on separate cards, if desired. The calendar 
should be a class project. 

The data on the calendar can be listed in the following manner: ^ 


NAME OF BIRD 
{■pr^ferahly with colored picture) 

LOCAL- 

ITY 

HABITAT 

ACTIV- 

ITIES 

DATE 

- 

OB- 

SERVER 













^ jHk. 
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CHAPTER XIX 


THE STUDY OF MAMMALS 

Next to birds, the mammals are the most conspicuous of the 
vertebrate animals. Among them are found the giants of the 
animal world. The mammals range in size from a tiny shrew in 
Maryland and Virginia {Microsorex hoyi)^ which measures less 
than three inches, to the giant sulphur bottom whale which has 
been known to attain a length of 103 feet. Tiny mice and huge 
African elephants are the more commonly known dwarfs and 
giants among the mammals, however. 

As > group, the mammals because of their size and abundance 
present a readily accessible contingent for study. Every section of 
the United States has a number of mammalian representatives 
such as rabbits, rats, mice, gophers, or squirrels. Even domesticated 
animals such as dogs, cats, rabbits, horses, cattle, sheep, and goats 
provide excellent opportunities for anatomical and ecological 
studies. In fact the house cat and the family dog should be studied 
first, for they illustrate many of the mammalian principles men- 
tioned here. The mammals exhibit a wide adaptive radiation and 
every type of environment has been invaded by them. Conse- 
quently they present p varied assortment of mollified structures. 
They also provide numerous opportunities for the observation of 
biological principles such as defense, secondary’’ sexual characters, 
parental care, family relationships, home building, rearing of 
young, cooperation, predatism, adaptive color patterns, habitat 
selection, protective coverings, hibernation, dentition, and geo- 
graphical distribution. 

The general characters of mammals. The mammals belong to 
the division of the animal kingdom known as Vertebrates. These 
are distinguished from other animals by the fact that they possess 
an internal skeleton which is supported by a vertebral column or 
backbone. The group includes the fishes, amphibians, reptiles, 
birds, and mammals. However, the mammals differ from the 
others in two important resp)ects. In the first place, the mammals 
axe the only animals that possess an external coating of hair; 
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secondly, the young of mammals are nourished by secretions 
extracted from the bodies of their mothers through the mammary 
or milk glands which lead to the exterior through the breasts or 
nipples located on the ventral side of the tody. 

All mammals are warm blooded (homoiothermal) and therefore 
they maintain a constant temperature. This body temperature is 
produced in several ways. The chemical changes involved in th<^. 
metabolism of foodstuffs produce heat which is distributed through- 



Fio. 202. The beaver, its home and work. Animal, original photograph; ' 
home and damage, Biol. Surv., U. S. Dept. Agric. 


out the body by the closed circulatory system. This is the chief 
source of heat in homoiothermal animals. The heat is retained by 
the external hair coat which prevents the rapid radiation of the 
body heat. The density of the hair coat is r^ulated by climatic 
changes. 

With only a few exceptions, the mammals are all viviparous; 
that is, they bring forth living young which have all of their 
organs aiMl systems developed at birth. The Australian duck- 
billed “mole” (Platypus) and the spiny anteater (Echidna) are 
primitive mammals which lay eggs as do birds and most reptiles. 
When the eggs hatch, the young are nourished by their mothers in 
the usual way. However, in these primitive mammals, the external 
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mammae or breasts, which are highly specialized structures, are 
not developed. The milky secretions exude through pores on the 
ventral side of the body and are licked off by the young. Mor- 
phologically, the mammary glands of all mammals are modified 
sweat glands. 

The viviparous habits, which are most highly developed in 
Aiammals, are not characteristic of mammals alone, however; and 
many other animals, including certain snakes, lizards, fishes, and 
even some insects, bring forth their young alive. The young of 
mammals undergo a long period of gestation during which they are 
attachcid to the mother by a placenta, and they receive their 
nourishment during development from the blood stream of their 
parent through the umbilical cord. The mammals are the only 
viviparous animals which have a placenta. The place of attach- 
ment of the umbilicus to the fetus, as the developing young is 
crlled, is rcjvealcd by the navel. While this internal development 
is a primary characteristic of mammals, there are some mammals 
which lack the placenta and the cord. The marsupials, which in- 
clude the opassums and kangaroos, do not develop much beyond 
the embryo within the body of the mother, and they lack the 
placental attachment. The young marsupial is born in a very 
immature state and completes its development within the mar- 
supium or pouch where it is nourished through the mammae to 
which it immediately attaches itself. 

All mammals are air breathing and although certain kinds, such 
as whales, manatees, and porpoises live in the wsirer, they must all 
come to the surface for air. 

The hair of mammals. It has already beer stated that the hair 
coat is a distinctive and exclusive feature of mammals. The per- 
manently aquatic mammals such as whales and dolphins have lost 
their external hair coats in response to environmental demand. 
The vibrissae on the face and a few scattered body hairs are all 
that remain of a general hairy covering in these mammals. In 
place of the hair coat, which is primarily a temperature regulator 
in land mammals, the aquatic mammals have developed beneath 
the skin a layer of fatty tissue called blubber, which serves as an 
insulator and guards them against sudden temperature changes. 
In th(«e aquatic forms the sweat glands also have disappeared, 
since there is no need for them. 

In those mammals such as otters, beavers, seals, minks, and 
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muskrats, which are not permanently aquatic but which spend a 
considerable amount of time in the water, the hair is short so as 
not to seriously impede their progress in the water, and it is com- 
pact to keep the skin dry. 

The primary purpose of a hair coat is protection. This is effected 
in two ways: (1) it provides insulation against sudden changes in 
the temperature of the surrounding medium; and (2) it affords: 
protection from serious injury by the teeth of other animals. A 
long-haired animal is much less likely to receive lacerations of the 
flesli than a short-haired one. The hair also sheds water and keeps 
the skin from the chilling effects of rain and fog. The long-haired 
giant anteater of South America has a wide, hairy tail which covers 
the curled body of the animal while it sleeps. 

Some mammals are bom with a fine silken coat of hair, while 
others are bom naked. The hairless young are usually kept warm 
by contact with the body of the mother or by being cuddled 
together in a well-lined nest. It is significant that the young of 
mammals which build cozy nests are usually naked when born 
(mice, opossums, etc.), while those of mammals which cither do 
not make any nests at all or which constmct only crude shelters 
(deer, monkeys, pigs, cats, foxes) are covered with hair at birth, as 
a rule. 

There are three kinds of hair on a mammal: (1) the long, coar.se 
overhair, which is protective; (2) the fine, soft under fur which 
serves to preserve the normal body temperature; and (3) highly 
specialized hairs or vibrissae which are sensory. The “whiskers” 
located on the face and which are especially conspicuous in the 
cats, and the coarse hairs often found above the eyes and on the 
wrist near the hand, are vibrissae. They are evidently seiLsory and 
aid the senses of smell, touch, and hearing. There are many changes 
that take place in the growth of mammalian hair, and there are 
considerable differences among the types of hair of infancy, youth, 
and maturity. The adult hair is usually much coarser. 

The distribution of hair over the surface of the body is also 
variable according to species and localities, but it is generally 
longer and denser on the dorsal surface. On virtually all forms there 
are areas which are almost or entirely devoid of hair. The.se areas 
are the snout, under the hind legs, and around the mammae. 

The length and density of the hair are regulated by seasons. 
Mammals are known to have heavier coats in winter than in sum- 
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mer, and trappers always secure skins for commercial purposes 
during the winter months. In the spring there is a shedding or 
molt of surplus hair. In some species there is also another molt 
very early in the fall. Then the winter coat begins to develop; 
and by the time the first snowfall arrives, the creatures are pre- 
^pared to withstand wintry blasts. The shaggy coats of horses and 
cattle in the winter are familiar to everyone, and they are charac- 
teristic of nature's method of supplying additional warmth to 
animals that cannot live in warm-lined nests or which cannot 
cover themselves as humans do. 

The hair is frequently modified for specialized protection; and 
in the porcupine some of it has developed into loose, sharp, barbed 
quills. The shell of the armadillo is homologous to the normal 
hair coat of other mammals. 

The teeth of mammals. The teeth arc among the most important 
features m the determination of mammalian identities. Because of 
their adaptability to preservation, they have been the bases of 
determining the character of numerous animals now extinct and 
whose incomplete and disintegrated fossil remains are the only 
remnants of a prehistoric fauna. Furthermore, the teeth exhibit a 
variety of size, form, and number according to the manner in which 
they are used; and they reveal some very interesting adaptive 
modifications. Inasmuch as mammals are usually somewhat 
limited in their diets, their dentitions are so remarkable in char- 
acter that they serve as a basis for differentiating among the 
various mammalian groups. Even the food habits of individuals 
can be determined by observing the highly specialized character of 
their teeth. Some mammals feed entirely upon plants, while 
others limit their food to the flesh of other animals. Some species 
are indiscriminate in their feeding habits, and they devour both 
plant and animal structiues and products. Consequently there 
exists a wide variation in the .sizes, numbers, forms, and distribu- 
tion or arrangement of the tooth formations in mammalian groups. 

The primary functions of teeth are to seize, tear apart, and 
masticate food. In many kinds of animals they also serv^e as ex- 
cellent weapons of defense and offense. The animals which feed 
upon plants are said to be herbivorous. Those which live upon 
flesh are called carnivorous animals. Those which eat both plants 
and animals are known as omnivorous animals. There are some 
insectivorous mammals which feed entirely upon insects. The fox, 
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otter, mink, weasel, and cat are carnivorous. Bats, shrews, and 
moles are insectivorous. Deer, cattle, horses, woodchucks, and 
rabbits are herbivorous. 

The carnivorous mammals have teeth adapted to tearing flesh 
and crushing bones (Fig. 204). The herbivorous mammals have 


■ 



Fig. 203. Home of the muskrat. From. Biol. Surv., U. S. Dept. Agric. 


teeth fitted for cropping plants and for triturating vegetable tissues 
(Fig. 207), while the insectivorous mammals have numerous teeth 
with many sharp-pointed cusps for crushing the chitinous bodies of 
insects. Some insectivorous mammals such as antoaters have no 
teeth at all. The omnivorous mammals have a combination of the 
features of the carnivorous and the herbivorous teeth. 

As a rule the number of teeth in a species is more or less fixed 
and constant, and the dental formula of a species is usually given 
with its description. 

There are four distinct t3rpes of teeth in mammals: (1) The 
incisors or front teeth which are sharp and more or less elongated, 
according to the species. They are used chiefly for gnawing or 
biting. The incisors are the most highly developed and conspicuous 
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teeth in the rodents, which are known as gnawers. (2) The canines 
or eye teeth are the ones next to the incisors on the sides. They are 
flesh-tearing teeth, and they are the prominent teeth in carnivorous 
mammals such as bears and wolves. Sometimes they are developed 
into razor-like tusks and are formidable weapons of defense. 

(3) The premolars are the anterior grinding teeth. They are 
^ located just back of the canines and are called the bicuspids in man. 

(4) The molars are the posterior grinding teeth which are somewhat 



Fig. 204. The skull of a black bear showing carnivorous dentition. 

From Williams, The Mammals of Penmylvania, 

flattened with rough upper surfaces. On these most vegetable 
chewing takes place. In the edentates and cetaceans the teeth are 
all alike, and the animals are said to be homodentitious. When 
different kinds of teeth are present, the aniipals are heterodenti- 
tious. 

As a rule, mammals have two sets of teeth in a lifetime, although 
this is not always the case. The first teeth, called the milk teeth, 
are only temporary; and they differ in some respects from the 
adult series. In humans the posterior molars are not present in 
the milk or baby teeth. In man there is the same number of teeth 
of each kind in both the upper and lower jaws. This does not hold 
for all other mammals. In dolphins the teeth are variable in 
number due to the extension of the beak. The number on one side 
of the jaw’ may be different from that on the other side, and oft- 
times some teeth are out of luie >v'hile others are embedded in the 
gums. The lack of fixity in the dental formula indicates the transi- 
tional character of these animals. In the sheep, for instance, which 
is a grazing mammal, there are no incisors or canines in the upper 
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jaw; but it has three incisors and two canines in the lower jaw. 
The structure of teeth varies also in mammals, although the 
enamel, dentine, and pulp are the characteristic constituents 
above the gums. 

The teeth of horses and cattle continue to grow for a considerable 
length of time after the animals have attained maturity, and they 



Fro. 205. Skulls of rabbit (left), mink (center), and woodchuck (right). 
From Williams, The Mammals of Pennsylvania. 


do not form roots until late in life. This is because they feed upon 
abrasive substances such as the woody material of plants, and the 
growth compensates for the wear on them. The relative age of a 
horse can be determined by looking at its teeth. If they are long 
and if the upper surfaces are worn considerably, the horse is well 
along in years. • 

The chisel-like incisors of the gnawing animals such as beavers, 
rats, and woodchucks (Fig. 205) grow during the entire life of the 



Fig. 206. Skulls of fox (left) and otter (right). From Williams, 

The Mammals of Pennsylvania. 

mammals; and they are kept at a fairly constant length by use. If a 
rodent loses one of its incisors, the opposing tooth continues to 
grow in length until it eventually prevents feeding by locking the 
jaws. The hard enamel is present only on the face of the incisors in 
the gnawing mammals; and as the animals feed, the softer portion 
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(dentine) wears away much more rapidly, thus maintaining a sharp, 
beveled, cutting edge. This is particularly noticeable in beavers. 

The skeleton of mammals. The diversity of form in mammals 
implies a variation in the internal supporting skeletal structures. 
Although striking differences in the form and size of skeletal parts 
may be seen within the mammals, a comparative study of the 
corresponding parts shows that the skeletons of mammals in 
general are remarkably similar in character. In fact they are bone 
for bone almost identical. The different shapes of mammals are 
due to the fact that certain bones may be larger or smaller and of 
different form than the corresponding bones in other species. 

The mammalian skeleton (Fig. 208) is composed of two main 
portions — the axial and the appendicular. The former includes the 
skull, backbone or vertebral column, ribs, and breastbone or 
sternum. The appendicular portion comprises the limb bones and 
the bones attaching them to the trunk. 

The skull is a highly complex structure composed of many parts, 
most of which are immovably joined together. It is the seat of the 
principal sense organs such as the eyes, ears, nose, and mouth. It 
also affords a well-protected cavity for the brain, in addition to 
carrying the teeth. The lower jaw is movable, and this enables the 
animals to bite off and masticate food. The section of the skull 
which carries the brain, eyes, and ears is called the cranium. The 
section in front is called the face. The rear of the skull is called the 
occiput. 

The vertebral column is made up of a number :)f separate bones 
called vertebrae. They are articulated together in such a way as to 
permit flexibility and at the same time impart a rigidity which gives 
the necessary strength to the spinal column. The function of the 
spinal column or backbone is twofold: (1) to support the main part 
of th(^ body and to afford attachment for the limbs and tail; and 
(2) to support and protect the spinal cord which is the central 
axis of the nervous system. While the vertebrae differ greatly in 
form and api^earance, i)articularly in the region of the neck, they 
are, nevertheless, constructed on the same general pUm. 

The body of eacli vertebra is caj jd the centrum, and the centra 
are separated by discs of cartilage or gristle which allow elasticity. 
On the upper surface of the centrum is an arch, called the neural 
arch, which encloses the neural canal. Through the neural canal 
runs tho spinal cord. There are five general regions of the backbone. 
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They are: (1) The cervical region or neck in which there are usually 
seven vertebrae. Long-necked animals like the giraffe have no 
more cervical vertebrae than short-necked ones like the wood- 
chuck. The difference is in the length of the vertebrae. (2) The 
thoracic region which includes the vertebrae to which the ribs are 
attached. (3) The lumbar region, included in which are the ver; 




Fig. 207. The skull of a Virginia deer. From Williams, 

The MamnwHs ?f Pennsylvania, 

tebrae from the thoracic region to the (4) sacrum which includes a 
variable number (2 to 13) of fused vertebrae which appear as a 
solid structure and to which the hind limbs are attached. (5) The 
caudal region including the vertebrae of the tail. 

The appendicular skeleton consists of the limb girdles and the 
bones of the limbs and feet. The limb girdles are the means of 
attaching the limbs to the body in such a way as to allow mobility. 
The shoulder or pectoral girdle has no direct articulation with the 
vertebrd column and is held in place by muscles. It is made up of 
the shoulder blade or scapula and the collar bone or clavicle, al- 
though not all mammals possess the latter. 

The posterior girdle is called the pelvic girdle, and it is attached 
to the sacral vertebrae. It affords a solid support for the hind legs. 
The pelvis is composed of three parts; viz., the ilium, ischium, and 
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pubis which are separated in young animals but fused together in 
old ones. These three parts are united in a deep hemispherical pit 
called the acetabulum, which receives the head of the thigh bone 
in a ball and socket manner. 

The limbs are composed of three segments. In the fore limbs 
they are: upper arm, fore-arm, and hand. In the hind limbs they 


1 . 



Fig. 208. The skeleton of a typical mammal (the cat). I- Cranium; 2. Eye 
socket; 3. Face; 4. Incisor; 5. Canine; 6. Premolar; 7. Molar; 8. Mandible; 
9. Clavicle; 10. Manubrium; 11. Fore-arm; 12. Arm; 13. Humerus; 14. Ster- 
num; 15. Ulna; 16. Radius; 17. Carpus; 18. Metncarpus; 19. Phalanges; 
20. Rib; 21, Costal cartilage; 22. Xyphoid process; 23. Patella; 24. Femur; 
25. Tibia; 26. Fibula; 27. Tarsals; 28. Metatarsals; 29. Plialanges; 30. Is- 
chium; 31. Thigh; 32. Leg; 33. Ankle bone; 34. Foot; 35. Toes; 36. Caudal 
vertebrae; 37. Pubis; 38. Ilium; 39. Sacrum; 40. Lumbar vertebrae; 41. In- 
tervertebral disc; 42. Centrum; 43. Hyoid; 44. Spine; 45. Articulation for 
rib; 46. Cervical vertebrae; 47. Scapula; 48. Palm; 49. Obturator foramen; 
50. Acetabulum. 

are: the thigh, leg or shank, and the foot. The upper bone in the 
arm is the humerus, and those of the fore-arm are the radius and 
ulna. The fore foot or hand is also composed of three parts corre- 
sponding to the wrist, palm or back of palm, and the fingers. The 
bones of the wrist constitute the carpus; those of the palm and 
hack, the metacarpus; and those of the fingers or toes, the pba- 



482 


THE LIVING WORLD 


langes. The bones in the hind limb are similar to those in the 
front or fore limb. The upper or thigh bone is the largest and is 
called the femur. The bones of the lower limb are the tibia or shin 
hone (inner) and the fibula (outer). The fibula is not well devel- 
oped in horses and ruminants, and it exists in these as a splint 
fused to the tibia. The foot bones of the hind limb are similar to 
those of the fore foot or hand; and the three parts arc called the 
tarsus, metatarsus, and phalanges. The upper bones of the tarsus 
are peculiarly modified to form the ankle joint and the heel. 

An animal may walk with the entire sole of its foot in contact 
with the ground as do bears, raccoons, and humans. Such an 
animal is called plantigrade or flatfooted. When it walks on its 
toes as do cats, dogs, and foxes, it is digitigrade. The tracks of some 
of our native mammals are shown in Plate XXIV. 

Where mammals live. The mammals present a very interesting 
assortment of preferences in choosing places in which to live and 
build their homes. Some of them have specially adapted struc- 
tures which determine the habitats in which they are to be found. 
Because of the diversity of situations in which they live, the mam- 
mals may be classified as aerial^ aqrmtiCy terrestrialy subterraneariy 
and arboreal. 

The aerial forms include the bats and flying squirrels. The 
flight of the flying squirrels is purely passive, however, and must 
not be confused with the active flight of bats. The aerial move- 
ments of the flying squirrel may be considered as volplaning or 
gliding. Flying squirrels are confined to forests, while bats are 
most frequently seen in flight. Since both are nocturnal, they are 
seldom seen by the average person. 

The mammals are not, as a rule, great builders. The beaver, 
muskrat, deer mouse, and some squirrels construct complex homes; 
but most mammals resort to cavities: trees, and caves, and to 
natural excavations for establishing their domiciles although a 
number of species burrow in the ground. On the whole, the 
mammals seem to lack the ingenuity to make, for themselves, 
bouses that are comparable in complexit3^ to those of the birds. 

The aquatic mammals include the whales, dolphins, manatees, 
beavers, muskrats, otters, seals, polar bears, walruses, minks, 
fishers, and otl^er species which are exotic such as hippopotami, 
water buffalo, and duck-billed moles. It will be observed that 
some of these are permanently aquatic while others spend only 
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a part of their time in the water. Among our native mammals, 
the mink, otter, muskrat, and fisher invade the water for food, 
while the beaver uses the water for its home and for transporting 
food which it obtains on the land. The muskrat also frequently 
builds its home in the water. 

All of these aquatic mammals are- equipped for swimming, 
having webbed hind or front feet, or both; rudder-like tails; short 
hair; and stream-lined bodies. As indicated elsewhere, the posi- 
tions of the (\yos, nostrils, and the shapes of the heads are adapted 
to the livc's they lead. They are to be seen only in the water or 
near it. 

The terrestrial mammals arc those which spend their lives on 
land. The running kinds have long, lithe l)odies with slender legs 
which give them speed in flight. Many of them have long, movable 
ears which water forms lack. The true predators (wolves, foxes, 
coyotes, and shrews), which pursue victims which they devour, 
usually have long pointed snouts or muzzles which are adapted 
to following the trails of other animals by their sense of smell. 
Some of the predators (wildcat and cougar) are more or less seden- 
tary and lie in wait for their victims. These lack the pointed 
muzzle, and their faces are somewhat flattened in comparison 
with foxes. All of the browsers and grazers (deer, elk, bison, goats, 
and sheep) are good runners, the goats and sheep being particularly 
adept in running over steep mountainous slopes. 

There are a number of terrestrial mamma! which forage on 
the surface of the ground. Many of these are short-legged and 
incapable of rapid flight. These usually have underground bur- 
rows into which they scamper w^hen danger approaches. The 
gophers, badgers, groundhogs, native bears, ground squirrels, chip- 
munks, and many mice use subterranean shelters. Nearly all 
of the burrowing mammals have short legs and front feet which 
are well adapted for digging. Rabbits and hares frequently make 
excavations in the ground in which to place their young. 

The moles are the truly subterranean mammals since they not 
only have underground shelters but also seek their food in the 
ground. The shrew' and weasel, .vhile not diggers, go into the 
ground for food, using the burrows made by other animals. They, 
therefore, possess some of the features of the burrowers on which 
they feed, such as long, serpentine bodies, short ears, and short legs. 

The arboreal mammals are those which are structurally adapted 
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to climbing trees. They are, therefore, indigenous to forests. 
The squirrel, chipmunk, raccoon, opossum, marten, wildcat, cou- 
gar, bat, gray fox, deer mice, porcupines, and black bears are 


among the mammals that ascend 



trees. Some of these only climb 
trees to escape pursuers while 
a few seek their food above 
ground. Others have their 
homes in the trees and feed 
chiefly on the ground (raccoon, 
opossum, deer mouse). Some 
squirrels and deer mice con- 
struct outside nests in summer; 
while raccoons, opossums, flying 
squirrels, and squirrels live in 
hollow cavities which they some- 
times line with soft material 
and leaves. The wildcat and 
cougar wait in the trees for their 
victims to pass beneath them, 
or they climb trees to look for 
possible victims. The gray fox, 
bear, and marten seek food in 
the trees at times. 

The arboreal mammals usu- 
ally have feet with claws or re- 
tractile toes for climbing; pre- 
hensile tails which serve as an 


additional hand or bushy tails 
Fio. 209. A mountain lion seeks for balancing; and, as a rule, 

pointed than those of terrestrial 
animals. The sloth of South America is the most highly special- 
ized of all arboreal mammals. All of its limbs are constructed 
for climbing about on the branches of trees, and its face is rather 
flat. , 

While it is evident that many of the above mammals exhibit 
the ability to live in one kind of environment and yet seek food 
and shelter in another, there is, nevertheless, a definite series of 
structural adaptations which fit the various mammals to rather 
specific environmental settings. A knowledge of these struc- 
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tures makes it possible to interpret animals in terms of their 
environments. 


The Classification of Mammals 

The classification of mammals is based largely upon external 
features, internal anatomy, and teeth. Glassification is more than 
a mere arrangement into groups for convenient study. The groups 
or units (Phylum, Class, Order, Family, Genus, and Species) 
include animals among which there are blood relationships, inti- 
mate and remote. The group arrangements are established on the 
bases of ancestry, development, and homologous structures. These 
indicate, to a large degree, the kinship of animals; and in the 
classification scheme the derivations of the various taxonomic 
units are implied. Among the members included in a family or 
genus the kinship is close, while in the larger units such as a 
phylum or order the members are most distantly related. 

The vast differences between a horse and a mouse indicate that 
if a relationship does exist between them, it must be remote. 
On the other hand the similarities in structure between a squirrel 
and a woodchuck would suggest that these animals are more or 
less closely related to each other. 

It is bocau.se of diversity that classification is necessary. When 
w'e consider the great diversity of animals with respect to size, 
form, and modified appendages, we are confronted with the prob- 
lem of how a group of animals so identical in in my respects could 
become so vastly different. 

There are ten orders of mammals in the United States, and 
these include almost 1500 species found within the boundaries 
of the United States. In some of these orders there are numerous 
species, while in others the species are few. The distribution of 
all is determined by many factors. 

Some factors involved in the diversity and distribution of mam- 
mals. To properly comprehend the technicalities of classification 
and distribution of the present-day mammals, it is necessary to 
study the topographical and attendant climatic changes that 
have taken place in the history Oj the earth from the time higher 
animals began to develop, and to consider the anatomical features 
of the ancestors of these animals, in so far as their fossilized re- 
mains are available. These changes include the isolation of con- 
tinents and smaller land areas once connected with other continents 
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and mainlands by land bridges that have long since disappeared. 
The story of even the major changes that have been effected is 
too long for inclusion here, and the reader is referred to the refer- 
ences appended to this discussion.^ However, it might be well to 
suggest the interesting possibilities in a study of this kind. There 
is no doubt that North America and Asia were once coimected by 

a continental land bridge, ' 
possibly at Bering Strait. 
Over this bridge, land ani- 
; mab such as the horse which 

^ had its origin in Asia, and 

the camel which developed 
in North America, migrated 
back and forth. Fossils of 
I,, early camels and horses are 

abundant in both conti- 
fe n^ts. In this way numer- 

T ous other species, as well, 

became disseminated over 
V both continents. There is 

also evidence that North 
America and South America 
1^ ' were formerly connected at 

■ ' * ‘ ; - - - ■ ' three distinct places, includ- 

%'f' ' ing the Florida peninsula. 

1 " i Likewise, some of the West 

k ^ „ i Indies were connected with 
Ifc P" South American main- 

'^v^l Ifd as were, probably, tlie 
^ i Galapagos Islands, although 

Fig. 210. The black squirrel {Sdurus the isolation of the latter 


^ ^ Galapagos Islands, although 

Fig. 210. The black squirrel {Sdurus the isolation of the latter 

which accounts for the 
unique fauna of these islands. Australia has a peculiar animal 
populatiqj^ because it was cut off from other land connections 
in ancient times. The isolated fauna therefore developed in- 
dependently of other areas and without the influence of them 
produced a relict assortment of animals different from any other 

> Scott, William B. The History of the Land Mammals in the Western Hemisphere 
(Macmillan) gives an excellent account. 
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part of the world. The abundance of animal species within 
the arctic circle is accounted for by former land contiguities 
that were conducive to a widespread dissemination of species 
throughout the arctic region, the world over. On the other hand, 
the paucity of species in the Antarctic is explained by the absence 
pf such land connections within the history of higher terrestrial 
animal forms. There is plenty of evidence to show that even some 
connection (Gonwannaland?) 
existed between Africa and 
South America. These connec- 
tions provided highways for 
the wanderings of nomadic spe- 
cies of animals, and they ac- 
count for the similarity of 
faunas in continents widely 
scpaiciLed at the present time 
by great expanses of water. 

Add to the changes effected 
by progressive migration and 
cross-breeding those brought 
about by glacial movements; 
and another side of the picture 
of animal diversification is re- 
vealed. When the glaciers de- 
scended, the inhabitants of the 
regions affected migrated, met 
the demands of a new environ- 
ment by adaptive response, or 
were exterminated. With all 
of these influences there were 
combined the drastic effects of 
genetic mutations and natural selection. Hence the present di- 
versity of form and structure to be seen in the mammals of today, 
as well as in other animal groups and plants, is not so mysterious 
after all. 

Perhaps the most surprising feature of these changes is that 
they are continuing at the present time, as is evidenced by the 
changes taking place on the shores of all continents. The shore 
of New Jersey is receding, while that of Massachusetts is advanc- 
ing. The levels of many inland bodies of water are constantly 



Fig. 211. The eastern flying squirrel 
{Glaucomys volans). From Williams, 
The Mamtnals of Pennsylvania. 
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lowering or rising. Lake Erie, for instance, is dropping from year 
to year; and the old shore lines, which mark the former levels, 
are visible at a distance of thirteen miles from the present margin 
of the water. Volcanic eruptions and earthquakes also play a 
part in altering the topography of the land, and these effects 
eventually bring about changes to which the animal and plant 
life must respond. An intensive consideration of the past history 
of the earth and its inhabitants will contribute a valuable back- 
gr<'und for the interpretation of present-day forms. With this 
knowledge, the diversity of form and structure which is so general 
in the mammals can be better understood. 

It must be kept in mind that even local distribution of mammals 
will be determined by highways of and barriers to migration, as 
well as by the variety of ecological habitats available. Such factors 
as wooded areas, altitude, marsh land, streams and ponds, condi- 
tions of the soil, available food, temperature and humidity, en- 
emies, and human activities all determine the kinds of mammals 
to be found in a given region. 

The orders and families of mammals. The orders of mammals 
found in the United States are as follows: 

(1) Chiroptera — the bats. Flying mammals with membranous 
wings. Body covered with fine, silken hair. Ears prominent. 
Feet small and adapted to clinging. Teeth numerous and e(piii)i)ed 
with many tfusps for crushing insects, upon which all native species 
feed. Active only at dusk or after dark, hiding during the day 
in caves, barns, or hollow trees. Sometimes hang head downward 
from twigs or on the bark of trees. Most species hibernate in 
winter, although certain ones migrate southward at the approach 
of cold weather. Harmless and very valuable mammals rei)resent- 
ing three American families, only one of which, the Vespertilionidaey 
has a wide distribution. This family includes nearly all of the 
common bats such as the red bat, big brown bat, hoary bat, and 
yellow bat. The other families are the Phyllostomidae, including 
the leaf-nosed bat of California, and the Molossidae or free-tailed 
bats of the far western and southwestern sections. 

(2) Marsupialia — the opossum. Pouched mammals with only 
one American representative, the common opossum which ranges 
from Florida* to New York, Pennsylvania, and Ohio, and west- 
ward along the Gulf oi Mexico to Texas and California. A prim- 
itive mammal with numerous teeth and prehensile tail. Nocturnal 
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habits, sleeping in its nest in a hollow tree during the day. Food 
consists of an omnivorous diet including insects, fruits, and small 
mammals. One family, Didelphiidae, 

(3) Insectivora — the moles and shrews. Small mammals rep- 
resenting two families. 

Family 1, Talpidae, the moles. Subterranean mammals with 
soft, velvety, and valuable fur. Legs -short, fore legs greatly 
modified for digging. Eyes extremely minute and invisible. 
External ears lacking. Snout pointed and surrounded by fleshy 
tentacles in one species. Common mole, star-nosed mole, hairy- 
tailed mole, and numerous others. Species widely distributed. 
Food consists chiefly of insects, larvae, and small mammals. 

Family 2, Soricidaey the shrews. Mole-like or mouse-like mam- 
mals lacking digging front feet. Body elongated and slender. 
liCgs and feet slender. Snout pointed. Eyes and ears small. 
Cr^r^ivorous, feeding chiefly upon mice, birds, and insects. Hab- 
its chiefly nocturnal. Common shrew, pygmy shrew, water 
shrew, short-tailed shrew, and numerous other species distrib- 
uted over most of North America. 

(4) Carnivora — the flesh-eating animals including bears, weasels, 
skunks, foxes, badgers, wildcats, otters, minks, etc., representing 
six families. 

Family 1, f/mVioe, the bears. Large mammals with rather 
short legs. Feet plantigrade with five digits and equipped wiin 
strong claws. Tail short. Carnivorous dentition but food 
diverse. Terrestrial with the exception of the polar bear. Black 
or cinnamon Dear, grizzly, and polar bears. 

Family 2, ProcyonidaCy raccoons. Medium-sized mammals. 
Feet long and slender, front ones used as hands. Plantigrade. 
Muzzle elongated. Tail bushy with annulated rings of black. 
Nocturnal. Lives in woods along streams and marshes. Food 
consists of crayfish, mussels, frogs, insect larvae, birds, eggs, 
small mammals, and reptiles. 

Family 3, Bassariddasy cacomistlos or ring-tailed cats. 
Raccoon-like in appearance but body much more slender. Claws 
short, curved, and sharp; seininretractile. Digits webbed and 
hairy. Dental characters different from the raccoon. Food 
consists of birds, insects, and small mammals. Confined to 
the Southwest. 

Family 4, MustelidaCy skunks, weasels, martens, minks, otters, 




Plate ,30CIV. Tracks of Native Mammals. 1. Muskrat; 2. Fox squirrel; 
3. Woodchuck; 4. Skunk; 5. Meadow mouse; 6. Deer mouse; 7. Brown rat; 
8. Weasel; 9. Rabbit; 10. Varying hare; 11. Raccoon; 12. Little chipmunk; 
13. Shrew; 14. Mink; 15. Fox; 16. Red squirrel. From Williams, The Mam- 
mals of Pennsybania, 
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badgers. Body slender. Legs short. Anal scent glands present 
in most species and highly developed in skunks. Fur valuable. 
Habits variable. Mainly carnivorous and predatory. The 
family has a wide distribution. 

Family 5, Canidae, wolves, coyotes, and foxes. Medium- 
sized carnivorous mammals with long legs, slender bodies, and 
* pointed muzzles. Dentition typically' carnivorous with prom- 
inent canines. Feet digitigrade. Claws not retractile. Tail 
long and bushy. Red fox, gray fox, timber wolf, coyote. 

Family 6, Felidae, the cats. Medium to large-sized carnivo- 
rous mammals with rounded heads. Limbs of moderate length. 
Feet digitigrade. Five toes in front and four behind. Claws 
long, sharp, retractile. Pads soft. Tail long except in l 3 riix or 
bobcat. Mountain lion or cougar, wildcat or bobcat, jaguar, 
ocelot. Predators. 

f5) Pinnipedia — seals and walruses. Large mammals with bodies 
modified for aquatic existence. Limbs fin-like or paddle-like. Tail 
rudimentary. Body tapering backwards. Ears small. Eyes large. 
Hair short and compact. There are two native families in this 
Order. 

Family 1, Otariidae, California sea lion. 

Family 2, Phoddae, Atlantic harbor seal. 

Family 3, Odobenidae, walrus. 

(6) Rodentia — rabbits, woodchucks, rats, mice, squirrels, chip- 
munks, gophers, beavers, etc. A large order with many representa- 
tives all over the United States. Terrestrial, s i[uatic, arboreal, 
and subterranean species. Dentition promineni with two long, 
sharp, and protruding incisors above and below. Teeth grow 
continually and are covered with enamel in front only. There are 
no canine teeth present and therefore there is a wide space betw'een 
incisors and molars. The gnawing mammals.^ The Order includes 
nine families. 

Family 1, Sduridae, marmot (woodchuck or groundhog), rock 
squirrel, ground squirrel, red squirrel, gray squirrel, fox squirrel, 
prairie dog, chipmunk, flying squirrel, pocket gopher. Form 
of body variable according to habits. Arboreal forms with 
bushy tails. Ground forms with slender tails, short legs. 

Family 2, Heteramyidae, pocket rats and pocket mice, kanga- 
roo rat, various species of pocket mice including the spiny Texas 

^ Rabbits and hares have been recently placed in another Order — Lagomorpha- 
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pocket mouse and the dwarf pocket mouse. Small rodents with 
fur-lined, external cheek pockets. The front legs have normally 
developed claws and the hind legs are somewhat elongated. 
The tail is as long as the head and body and occasionally longer. 
Midwestern, southwestern, and Pacific coast in distribution. 

Family 3, Castoridae, beavers. Larjge rodents with thickset 
bodies; broad, flat, scaly tails. Habits aquatic. Found in most 
of North America where woodland and water conditions are 
suitable. 

Family 4, Criceiidae^ native rats and mice. Typical rat and 
mouse-like rodents of small size, including a great number of 
species a few of which are cosmopolitan. Grasshopper mice, 
white-footed mice, red-backed mouse, lemmings, rice rat, wood 
rat, meadow mice, muskrat. . 

Family 5, Muridae^ Old World rats and mice. Black rat, Nor- 
way rat (brown rat), house mouse. 

Family 6, Zapodidae, jumping mice. Form mouse-like; hind 
legs and tail greatly elongated. Locomotion is by kangaroo- 
like jumping. Internal cheek pouches present. Soles of feet 
naked. Northern United States to the Pacific coast. 

Family 7, Erethizontidae, porcupines. Large, sturdy rodents 
with loose, barbed quills or spines among the hair on head, tail, 
upper parts of legs, and on the dorsal side of the body. Four 
toes in front and five behind. All feet equipped with strong 
curved claws. Found all over wooded North America north of 
latitude 40® and southward in the Rockies to the Mexican border. 

Family 8, Ochotonidae, pikas. Small rabbit-like mammals with 
broad, rounded ears which are not nearly so long as those of 
rabbits. Legs short, hind legs little longer than front ones. Tail 
not visible. These are sometimes included in another order 
because their teeth are different from those of the rodents. 
The pikas are confined to the Rocky Mountain section. 

Family 9, Leporida^, rabbits and hares, including varying hare 
or snowshoe rabbit, cotton tail, jack rabbit. Medium-sized 
mammals with long ears and elongated hind legs. Tail short 
and hairy. A fairly large group with variations in size, color, 
and other characters according to geographical distribution. 
Distribution of the group rather general. 

(7) Artiodadyla, the even-toed hoofed mammals, including pec- 
caries, elk, deer, caribou, moose, pronghorn, antelope, mountain 
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Short-Tailed Shrew 
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Long-Tailed Shrew 



Woodland Jumping Mouse 



Muskrat Opossum 

Plate XXV. Some native mammals. Common mole from Biol. Surv., 
U. S. Dept. Agric. ; all others from Williams^ The Mammals of Pennsylvania. 
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goat, mountain sheep, and bison. Large-sized, digitigrade mammals 
with split hoofs. Terrestrial and herbivorous. The Order includes 
four families. 

Family 1, Tayassuidae, peccaries. Pig-like ungulates of small 
size. Upper canine teeth pointed downward and lower ones 
with posterior edges knife-like (tusks) i Snout pig-like. Four 
toes on front feet, three behind. Found in southwestern Texas,. 
Arizona, and New Mexico. 

Family 2, Cervidae, deer. White-tailed deer, mule deer, elk, 
moose, black-tailed deer, and caribou. Largest of American 
hoofed mammals. Males with deciduous antlers. 

Family 3, Ardilocapridae, pronghorn antelope. Both sexes 
with antlers bearing one lateral prong. A patch of long, white 
hairs on the rump makes them conspicuous in flight. The hairs 
are raised when the animals are disturbed. Distributed over 
western United States from Washington to Mexico and east- 
ward to the Dakotas, Colorado, Oklahoma, and Texas. 

Family 4, Bovidae, bison, or American buffalo. The species 
needs no description here. Found only in reservations. Moun- 
tain sheep and mountain goats belong to this family. Both are 
still obtainable in the United States in the western mountains 
from Texas to the Canadian border. 

(8) Xenarthra {Edeniala ) — the American edentates or toothless 
mammals. The nine-banded armadillo is our only representative. 
Contrary to its name, teeth are present. The armadillos are small 
mammals with the skin ossified into a shell-like covering above. 
The shell is composed of numerous small hard plates and has nine 
laterally extending bands across the back. The head is small and 
pointed and with a hard shield above. Ears long and naked. Tail 
long and covered with hard plates. Legs short. Front feet with 
four claws, the middle two excessively developed for digging. Food 
consists of insects which it obtains by digging. Found in the United 
States only in Texas, Arizona, and southern California. Active 
at night only. 

Family 1, Dasypodidae, armadillo. There is only one family in 
this Order. 

(9) Cetacea — ^whales, dolphins, and porpoises. Aquatic mam- 
mals ranging in size from medium-sized porpoises to gigantic 
whales 103 feet long. Seldom seen. Confined to the oceans with 
characteristic species on Atlantic and Pacific coasts. 
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(10) Sirenia — ^manatees, dugongs, and sea cows. 

Family 1, TricAecAidac, manatees. Large, heavy, round-bodied, 
aquatic mammals with upper lips cleft in middle. Nostrils 
above with automatically opening and closing fleshy plugs. 
Found only on Florida coast northward to Daytona. Food con- 
sists of aquatic vegetation. 

•Representatives of the native families -of mammals are shown 
in Plates XXV and XXVI. 

The Habits, Life Histories, and Characters of Native 

Mammals 

The marsupials or pouched mammals. The marsupials or 
pouched mammals have but one representative in North America, 
the common opossum which ranges from Florida to New York 
in the East and westward along the Gulf to Texas. While there 
are ceveral marsupials in South America, the opossum is the largest 
American species; and the kangaroo of Australia is the largest 
in the world. The little murine, or mouse opossum, of South 
America which is frequently imported in bananas is the smallest 
American marsupial. 

The opossum is the most primitive American mammal. It has 
a naked, prehensile tail and possesses fifty teeth which is consider- 
ably more than the normal number for mammals. It is omnivorous 
in its diet which includes fish, fruit, birds and their eggs, insects, 
vegetables, frogs, and small mammals. It nests in hollow trees 
where it sleeps during the day, and spends isiderable of its 
time at night roaming about on the ground in search of food. 

Young opossums are bom in a very immature state about twelve 
or thirteen days after mating. The five to fourteen young are so 
small that a tablespoon will hold more than twenty of them. Un- 
like most mammals, the young lack the usual placenta and umbil- 
icus; and although blind and seemingly helpless when bom, they 
sometimes reach the pouch or marsupium of the mother by their 
own efforts. The mammae are situated in the marsupium, anr *© 
these the young attach themselves and hold on until fairly well 
developed. The opossum feigns death when cornered or attacked, 
and this accounts for the expression ‘^pla 3 ring 'possum.” Most 
marsupials are confined to Australia where the kangaroo is the 
most conspicuous species. The worst enemies of the opossum are 
foxes and great homed owls. 
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The bats. Bats are familiar animals to most persons. They are 
the only truly aerial mammals. While they are more frequently 
seen flying about at twilight or after dark, they rest during the 
day in caves, hollow trees, lofts, or chimneys; or they cling to the 
bark or twigs of trees. Here they sleep, head downward as a rule, 
clinging to objects with their tiny feet and sometimes with the 
hooks on the wings. 

At night they emerge and fly about, feeding upon insects which 
they capture in flight. Bats have numerous sharp teeth which 
ar<i equipped with many cusps for crushing the chitinous bodies 
of insects. Their large membranous wings are really modified 
front feet, or arms, in which the bones of the arms and fingers 
are much elongated, forming a framework over which there ex- 
tends a membrane. The menibrane is attached to the sides and 
extends from the fore limbs to the hind limbs. Each wing is sup- 
plied with a small, hook-like claw on the bone that corresponds 
to the thumb. This claw enables them to climb about over rough 
surfaces. It is the use of this claw that gives to bats the name 
Chiroptera, which means hand-winged. 

Bats are true mammals, being covered with soft hair and pos- 
sessing thoracic mammary glands through which the young are 
nourished. The number of the mammae or breasts varies in differ- 
ent species and is of value in determining specific identities. The 
young cling to the bodies of their mothers and are not tucked in 
nests, as a rule. Many people seem to think that bats are mouse- 
like; and in a way they are — in that they have prominent ears and 
a sleek coat of hair. However, aside from this rather superficial 
resemblance, the usual characters of mammals in general are the 
only true likenesses. 

Most of the northern species of bats hibernate in caves, hollow 
trees, or other protected places during the winter months; but 
there are some species which migrate to the Southland as do birds 
when insect activity ceases. A single large cave may harbor thou- 
sands of hibernating bats. Sometimes they collect in clusters for 
warmth, and th?y sleep until summer returns, although they are 
easily a#akened. When they are disturbed in midwinter or early 
spring, they fly about and exhaust their reserves of energy; and 
they usually gtarve before food is available. 

Bats are objects of numerous superstitions, probably because 
of their rather retiring and nocturnal habits. To most people 
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they suggest something eerie or ‘‘spooky,” and they are often 
associated with terrifying experiences. They are accused of carry- 
ing and disseminating bedbugs and other pests; but the writer 
has examined thousands of hibernating bats, and he has yet to 
find the common household bedbug on them. Like all other 
animals (including many humans), bats have ectoparasites in- 
cluding hippoboscid flies on them. But the tales about their being 
disseminators of pestiferous parasites are fallacious. It is also 
certain that bats are not in the habit of “looking for someone's 
hair to get tangled up in,” as many people suppose. 

On the whole, bats have fewer objectionable qualities than any 
other mammals. The service they render in devouring beetles, 
flies, moths, and mosquitoes is of inestimable value. Bats are 
harmless creatures, and the common fear of them is entirely 
unjustified. In fact they should receive our protection. 

Batp ‘?eem to possess a sixth sense. They can fly through a 
maze of tangled string without entangling themselves. Some- 
times, when they accidentally get into a room where the light 
temporarily blinds them, they may be seen to fly swiftly across 
the room as though they would kill themselves against the op- 
posite wall. They fly close to the wall but never hit it. This is 
explained by the fact that they have well-developed ears and a 
keenly specialized sense of hearing. It has been suggested that 
they catch the echoes of their flying noises which are reflected 
and are thus guided in their flight. 

All of our native bats are insectivorous as ha- been suggested, 
but in the tropics there are fruit-eating bats whijh have a wing 
spread of more than twenty inches and a carnivorous species 
which has a spread of forty inches. There are also the small, blood- 
sucking vampire bats which suck the blood from mammals and 
even from human beings. 

There are many species of bats in the United States. Some of 
them can be identified in flight, but the great majority of them 
must be examined at close range before authentic identifications 
can be made. The more common kinds are: red bat, big brown 
bat, silver-haired bat, little brown bat, and the pygmy bat. The 
different species show interesting h.4,bits of flight. Some of them 
appear before dark, and others wait until late before they begin 
their flight. All bats are graceful fliers; and while all of them feed 
on the wing, several species frequently swoop down and pick up 
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insects that float on the surface of water in ponds. The expression 
“blind as a bat” has no true significance since all bats have well- 
developed eyes. They may be confused or temporarily blinded by 
bright lights however. The enemies of bats are chiefly owls. 

Practically all of our native bats belong to a single family — 
Vesperttlionidae. The blood-sucking vampire bats (P?iyUostomidae) 
are occasionally found in the extreme Southwest. 

The insectivores (moles and shrews). The moles (Talpidae) are 
small, insectivorous mammals which are remarkably adapted to 
burrowing through loose soUs, in which they find insect larvae, 
beetles, pupae, earthworms, and mice, upon which they feed. The 
moles have a primitive dentition (36 to 44) ; long, pig-like snouts; 
soft velvety fur; invisible eyes and ears; and highly modified front 
feet for digging. Because the mole moves forward and backw»rd 
in subterranean tunnels, the fur strokes either way. The front 
feet are large and hand-like. The tails of all species are shorter 
than the body length. The moles, living beneath the surface of 
the ground, lack the countershading which is charactmstic of 
most animals; and the coloring is uniform all over the body. Their 
short legs make it difficult for them to travel over the surface of 
the ground with any degree of speed, but their progress through 
the earth is surprisingly rapid. They are seldom seen above the 
ground however. Most of them burrow close to the surface of the 
ground, and their movements may sometimes be seen as the dirt 
is elevated in serpentine mounds. Contrary to common belief, 
the mole does not eat vegetable matter; and its depredations in 
gardens are due to the disturbance of the growth processes rather 
than to the destruction of the plants themselves. They some- 
times do considerable damage to golf greens and gardens by their 
burrowing. Moles rear their litters of from three to six young in 
subterranean rooms connected with a series of ramifying burrows. 
There are many species of moles in the United States, the common 
mole having a wide range in eastern North America. 

The star-nosed mole of the East is one of the most spectacular 
members of the family. It has a ring of twenty fleshy tentacles 
on the^out. In the star-nosed mole, and possibly in other species, 
reserves of energy are stored in the tail. The tail becomes con- 
siderably swollen before winter, and this reserve is drawn upon 
during the loi^, unfavorable period when food is scarce or un- 
obtainable. It is interesting to note that the tail in all species is a 
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tactile organ and guides the mole as it backs through a tunnel. 
Other more or less common species include Brewer’s mole, hairy- 
tailed mole, and the western mole. The weasels, skunks, foxes, 
shrews, snakes, and owls are their enemies. 

The shrews (Soricidae) are small mouse-like mammals with 
elongated muzzles and small but visible eyes and ears. The skull 
is long and narrow. The teeth, numbering thirty-two, are highly 
specialized. The color is brownish above and paler beneath. 
The shrews are courageous and active little killers which prey 
upon insects and their larvae, mice, and other small mammals. 
A shrew will eat two and one-half times its own weight in a single 
day. Shrews are nocturnal in their habits, and they invade the 
burrows of mice and moles in search of food. They remain active 
all winter and tunnel through the snow close to the ground. Be- 
cause of their small size and their stealthy habits, the shrews are 
litM* ’r^iown. None of them are good diggers, although the front 
feet arc very slightly modified in a few species. Their nests are 
placed in rock piles, in hollow logs, or in thick grass. The young 
number four or five, and several broods are produced each year. 
There are variations in size, shape, and tail length in the American 
species. The commonest species are long-tailed shrew, short-tailed 
shrew or mole shrew, pigmy shrew, smoky shrew, and water 
shrew. The pigmy shrew is the smallest North American mammal. 
The most important enemies are foxes, weasels, owls, skunks, and 
moles. 

The carnivora (dogs, wolves, loxcs, bears, oninks, weasels, 
wolverines, martens, raccoons, skunks, otters, lyn.<, badgers, caco- 
mistlc, wildcats, jaguars, ocelots, cougars). These are the flesh- 
eaters, and they arc characterized by large, prominent, canine 
teeth. 

The foxes, wolves, and coyotes {Canidae) are medium-sized 
carnivores with dog-like forms; pointed muzzles; long, well- 
developed, and somewhat bushy tails. They are active, pursuing 
predators, preying chiefly upon small mammals and birds. Wolves 
sometimes travel in packs and kill larger animals such as deer, 
moose, and caribou. 

The gray fox is reputed to be a great destroyer of rabbits, grouse, 
quail, and pheasants, as well as smaller species of birds and mam- 
mals. It is capable of climbing trees where it captures wild turkeys 
and domestic fowl which rest on the lower branches at night. When 
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pursued by dogs, the gray fox “holes up” or ascends a tree. It is 
usually an inhabitant of wooded areas. 

The red fox, of which the silver and black foxes are varieties, 
has a wide geographical range. It is usually more abundant in 
pastoral regions where it does much damage to poultry and young 
sheep. Unlike its cousin, the gray fox, the red fox cannot climb 
trees; and when pursued by hounds, it will cover a distance of 
twenty miles or more. In the chase it breaks its trail by wading 
up streams and by jumping from one tree stump to another. In 
this way it confuses the dogs by “backtracking.” The red fox 
is the species used by foxhunters. Its persistence in numbers in 
thickly populated and open regions where dogs are niimerous is a 
testimonial of its sagacity. The fur of the red fox is quite valuable. 
Some states pay bounties on the foxes, which are classed as vermin 
by hunters and sportsmen. In Pennsylvania, where game animals 
are abundant, bounty is paid only on gray foxes. Foxes live in 
caves, holiow tree stumps, and in lairs which they dig. The 
young number from four to nine and are cared for by both parents. 

The kit foxes of the Middle West are small subspecies of the 
red fox. 

The coyote or prairie wolf is a small, slender wolf which inhabits 
the midwestem sections of the United States where its howl and 
bark are characteristic sounds at night. Its sheep-killing procliv- 
ities have regilted in organized attempts at its extermination. Coy- 
otes are sometimes taken in the eastern states. Tourists returning 
from the West sometimes bring coyote pups back with them. These 
escape when nearly grown, and they respond to the “call of the 
wild.” Quite frequently they breed with police dogs, and a 
pack is formed. In Pennsylvania recently one of these packs 
became so destructive that an organized hunt was arranged. 
Eight or nine animals were killed; and among them were dogs, 
hybrid crosses between dogs and coyotes, and true western 
coyotes. 

The timber wolf is a much larger and heavier animal than the 
coyote. It is somewhat gregarious and travels in packs. The en- 
tire pack unites in bringing down a large victim such as a deer 
or caribou, and then the pack fights viciously over the carcass. 
If one of their jiumber is seriously wounded in the hunt, its fellows 
do not hesitate to devour it. Wolves have become quite rare in 
recent years in all sections of the country. 
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The cats {Felidae) (jaguar, cougar, ocelot, wildcat). The cougar, 
puma, panther, or mountain lion is the largest of the unspotted 
cats. It is one of the most formidable of American predators. It 
was at one time found all over the United States but is now extinct 
in many places, especially in the northeastern sections. It is still 
abundant in the mountains of the West and in the Florida Ever- 
glades. It is a powerful enemy of deer. 

The jaguar is largely a tropical and subtropical animal, but is 
occasionally seen north of the Mexican border. Like the cougar 
it is a shy and stealthy hunter of small and large mammals. It 
usually flees from humans; but when surprised or cornered it Is a 
dangerous beast to encounter. Beebe says that it takes twenty 
square miles of jungle to feed a single jaguar. It is surprising how 
quickly a jaguar disappears in the jungles, to which its spotted 
pattern seems to be an adaptation. The writer has encountered 
several laguars in his Amazonian travels and he can testify to their 
cowardly habits. 

The ocelot, which is much smaller than the jaguar, being little 
larger than a large house cat, is a much more courageous animal 
than the jaguar, as far as humans arc concerned. In trekking over 
a jungle trail at night, the writer has been followed on several 
occasions by an ocelot. The cat croasod the trail behind him and 
before him several times but always at a distance that would 
insure its own safety. It is very doubtful if any of the South 
American cats would attack a human being except when they are 
wounded or cornered. 

The wildcat is a widely distributed bob-tailed cat with a vicious 
nature. It is a sedentary forest hunter, and lies in wait for its 
victims which range from small mammals and birds to deer. The 
wildcat, lacking th(i pointed muzzle, cannot follow a trail as does 
a fox. It usually rests upon the lower branches of a tree and 
pounces upon animals that pass beneath. It is larger than a house 
cat and differs from the cat in having the short tail and pointed 
ears. The wildcat lives in a den of rock, frequently along a cliff, 
and is almost entirely nocturnal in its habits. The Canadian lynx 
differs but little from the wildcat, but is more northern in its 
range. 

The bears {Ursidae) Include the cinnamon or black bear, which 
has several varieties, such as the kermode bear and the glacier 
bear; and the grizzlies. 
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The bears are the largest of the American carnivorous animals, 
and are characterized by rudimentary tails; long hair; plantigrade 
feet with five toes and long claws; legs rather stout; body thickset 
and robust. In the United States there are two real species of 
bears: the black, brown, or cinnamon bear; and the grizzly bear. 
The polar bear and the Alaskan bears are northern species. As 
the several names indicate, the black bear is extremely variable 
in color. Unlike other bears, the black bear has an arched spine, 
and is the only species that can climb trees. 

The bear is a rather near-sighted and curious creature, and for 
these reasons frequently allows p)eople to get close to it. It feeds 
upon small mammals, nuts, berries, and other fruits. It is espe- 
cially fond of honey and frequently robs bee trees. The black bear 
is quite generally distributed over the United States and is abun- 
dant in some places. Hunters killed 960 black bears in a single 
open season in Pennsylvania in 1929. 

The play instinct is strongly developed in the black bear, and 
it is known as the clown of the woods. However, it may be quite 
dangerous, especially when wounded; and a female with cubs is 
unpleasant to encounter. 

The grizzly bear is much larger and more ferocious than the 
black bear. It is more commonly found in the region of the Rocky 
Mountains. 

The bear is active all winter in mild regions, but in the northern 
sections it hibernates when the ground is covered with heavy snow. 
When it is ready to retire from activity, the bear makes an ex- 
cavation imder the roots of a tree, scrapes in some leaves for a 
bed, then goes to sleep. Its sleep is not the comatose state of the 
real hibemators however; and it is easily aroused. It seemingly 
sleeps with one eye open. The cubs numbering one or two, seldom 
three, are bom during the winter sleep of the mother. When 
the young are bom, the female forces the male to keep away. 

The raccoons. The raccoon {Procyonidae) is represented by a 
single species which is found in all sections of the country south 
of latitude 50^. It is a woodland animal which lives in hollow 
trees near streams or lakes as a rule. It forages along the streams 
at night, feeding upon crayfishes, frogs, and mussels. A well- 
beaten path a)ong a small stream is usually the sign of the activity 
of a raccoon which lives in the vicinity. It also feeds upon reptiles, 
birds, fruits, insects, and their larvae which it digs from dead 
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wood. When a raccoon leaves its nest in a hollow tree, it does 
not descend the tree in which it lives but it crawls out on the 
branches and descends neighboring trees in order not to reveal 
the location of its home. The raccoon is the monkey of the woods, 
and pet specimens exhibit a great curiosity. 

The tail of the raccoon is ringed with black, and there is a black 
mask across the face. It is remarkable that the animal can persist 
in the face of the demands for ‘‘coon skin" coats. Trappers and 
coon hunters exact a tremendous toll from the numbers of these 
mammals every year. The color varies somewhat in the different 
sections of the country whore it is found, even black forms being 
fairly common. 

The raccoon is sometimes called the wash-bear because of its 
habit of washing its food before eating it, when possible. There 
are five toes on all of its feet, and it has forty teeth. The animal 
is plantigrade. The litters number four or six. The raccoon hiber- 
nates in the northern sections of the United States. 

The seals {Pinnipedia). The seals are really aquatic carnivores 
with the dentition typical of the flesh-eating mammals. The 
digits are webbed so as to form an effective swimming paddle. 
The front limbs are near the front end of the body and the hind 
limbs are directed backwards. The feet are equipped with strong 
curved nails. The hind legs are helpless on land. The body tapers 
backwards and is covered with a fine, compact coat of hair and 
the skin has a great commercial value. Seals feed almost entirely 
upon fishes and squids. Seals spend considerable time on exposed 
rocky shores, and they breed upon ice floes or in isolated rockeries 
on inaccessible coasts or islands. A few species reach the shores 
of the United States, although they are mostly confined to the 
northern regions. They are gregarious in their habits. 

The weasel family {Mustelidae) (weasels, ferrets, skunks, otters, 
minks, martens, and wolverines). These are all carnivorous 
animals of from small to medium size. All of them are predators 
and their habits are somewhat similar. The ferrets and weasels 
are terrestrial species which prey upon poultry, rabbits, rats, 
mice, and birds. The weasel is particularly destructive and seems 
to kill for sport. A single animal may slay a whole flock of turkeys 
in a single night. It chews the head of each animal killed, appar- 
ently for the brains. In most sections, the weasel is considered 
an enemy of beneficial and game birds as well as of the small 
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game animals, and bounties are paid upon the several species. 
However, the weasels destroy great numbers of destructive rodents. 
The small least weasel, which measures about seven inches in 
length, is probably beneficial although it destroys some small 
birds. The weasels in the northern part of the country become 
white in winter and then regain their brownish hues in the spring. 
There are many species of weasels distributed over practically 
all of North America. The fur of most of them is valuable. Weasels 
nest in hollow logs, rock piles, and in the deserted burrows of 
other animals. 

The fisher and marten are closely related, but the latter is much 
the larger. The marten is the arboreal member of the weasel 
family and is restricted to forest areas in which it feeds upon birds, 
squirrels, chipmunks, insects, and berries. The fisher is darker in 
color than the marten, being, at times, almost black. It sometimes 
forages in the water and feeds upon fish, frogs, and birds. 

The mink is one of the most valuable of the fur-bearing animals 
but trappers have greatly reduced its numbers and it is very scarce 
in most eastern states. The mink frequently takes to the water 
in feeding; and in addition to devouring water animals it feeds 
upon birds, reptiles, small mammals, and oven poultry. It is 
much more generally distributed than the fisher and is found in 
the whole of North America. 

The otter is the only truly aquatic member of the family. Its 
body is stream-lined, and its four feet are webbed for swimming. 
The tail is long and rounded, and the eyes are situated near the 
front and top of the head to enable it to look about without expos- 
ing much of its body when emerging after a submarine expedition. 
It feeds upon beavers, muskrats, ducks, crayfish, and frogs. The 
otter sometimes preys upon poultry and land mammals. Otters 
often play for hours by sliding down a muddy bank into the water. 

The wolverine is largely a northern animal and has long hair. 
It is the largest member of the weasel family, attaining a length 
of forty-one inches and a weight of almost thirty-five pounds. It 
is extremely rare in the United States. 

The sllunks are the most prominent and most avoided members 
of the family. While all members of the weasel family have pro- 
nounced odor§ due to the presence of scent glands, in the skunks 
these glands are highly developed; and the secretions are very 
offensive, as everyone will testify. They serve as an efficacious 
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means of defense against most enemies of skunks, although great 
homed owls do not hesitate to attack them. As a rule, however, 
the defense of the skunk is the most efficient of all native mammals; 
and as a result of its security the skunk has lost its ability to intel- 
ligently discriminate among dangers. Thousands are killed on the 
highways by automobiles each year. Skunks feed upon insects, 
small mammals, birds, eggs, poultry; and they dig in the ground 
for larvae. The conspicuous black and white colors may be ar- 
rangi^d in spots and dorsal stripes of varying widths. Sometimes 
the color is solid white or black. The conspicuous pattern is inter- 
preted by some biologists as a warning to other animals. The 
skunks are rather generally distributed over the country, and in 
some sections they are very abundant. The young are born in 
litters of as many as eighteen or twenty and it is an interesting 
sight to see a mother skunk being trailed across a field by a large 
litter of young ones arranged in single file, with tails erect. 

The badger is a midwestern animal that lives in burrows. It is 
a broad, somewhat flattened, heavy-bodied animal with long 
shaggy hair. The front claws are very long, and it can dig rapidly. 
It feeds upon ground squirrels, gophers, rats, mice, and birds. 
The badger is a slow-moving animal and most of its victims can 
easily outrun it. It therefore has to secure most of its food animals 
by digging them out of their burrows. The badger is a worthy 
adversary for any dog or fox. 

All of the MvMelidae have the scent glands located on either 
side of the anus. 

The edentates (Xenarthra). The armadillo is the only native 
member of this group and is indigenous only to limited sections 
of the United States. It is one of the most curiously modified 
mammals on earth. Its head, body, and tail are covered with 
hard, bony plates; and when disturbed the animal rolls up in such 
a way that its softer parts are protected. The armadillo has a 
pointed snout, digging front legs, and it feeds upon insects and 
their larvae which it digs from the ground. 

The ro^nts. The rodents comprise one of the largest and most 
interesting groups of mammals; but as a group this is also one of 
the most destructive. It has already been suggested that the long 
incisors, which tx)ntinue to grow throughout the lives of the ani- 
mals, are the most characteristic features. The gnawing teeth 
have resulted in the formation of a typical head shape which is 
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unmistakable; and rats, mice,, beavers, woodchucks, and all other 
rodents can easily be identified on sight. 

A brief discussion of the families follows: 

The squirrels {Sciuridae). There are many species and sub- 
species of squirrels throughout the United States. All of the arbo- 
real forms have bushy or very hairy tails which serve as balancers. 
The gray squirrel is abundant in the East. It has two color phases 
including the black which is erroneously considered as a species 
at times. The gray squirrel is an inhabitant of woodlands and is 
active all winter. 

The fox squirrel has several phases. It is much larger than the 
gray squirrel and is distinctly yellowish underneath both the body 
and the tail. 

The red squirrels are widely distributed over the country, and 
the colors are somewhat variable in the various sections. They 
are the smallest of the tree squirrels and are held in bad repute 
because of their destruction of birds^ eggs and young. They are 
the most inquisitive of the tree squirrels and considerably less 
shy. Their noisy chatter is known to campers everjrwhere. Unlike 
the fox and gray squirrels, the red squirrel stores up seeds, fruits, 
and nuts during the summer months.^ Upon this supply it sul> 
sists during the long unfavorable northern winters, although it 
does not hibernate. Some of the red squirrels are called chickarees. 

The flying squirrel is so named because of its ability to glide 
gracefully from heights and land easily on the ground or on the 
lower limbs of trees. It possesses a peculiar hair-covered mem- 
brane of skin on both sides of the body between the front and hind 
limbs. The skin flap is attached to both limbs as far as the wrist 
and ankle; and when the animal is ready to ‘‘fly,” the legs are 
extended, and the membrane spreads like a sail. The creature 
then soars through the air in a volplaning sort of flight. The strong 
hind legs enable the animal to “take off” with a force that carries 
it to a great distance. The tail, which is thin and flat, is turned 
upwards as the animal alights and thus makes the landing easy. 
The stretched membrane serves the same purpose as the wings 
on an airplane. 

There are numerous subspecies of flying squirrels, and they are 
distributed throughout the wooded sections of a large part of 
the United States. There is considerable variation in the size and 

^ The gray squirrel does bury nuts and frequently stores some food- 
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coloration of the various kinds. In color the eastern flying squirrel 
is grayish brown, with a rusty tinge above; underneath it is white. 
The skin flaps on the sides are of a dark brown. The head is blunt 
and rounded, and the ears are short. The tail is about as long as 
the head and body together. The hair is soft and of medium 
length. 

The creature makes its nest in a tall tree and lines it with dried 
leaves. As a rule, flying squirrels live in communities; and a num- 
ber may live together in a hollow tree. However, each pair usually 
stores up its own winter supply of food which is concealed in an- 
other tree from the one in which the nest is placed. There are 
usually from three to seven young. 

The flying squirrel is a nocturnal animal, and possesses large 
glowing eyes. It is omnivorous and cats nuts, insects, and birds' 
eggs. There is also some evidence to indicate that it will, occa- 
sionally, eat young birds. The animal is easily tamed and makes 
an excellent pet, but it avoids bright light, and vdll crawl under 
one's coat or into his pocket to avoid it. A full-grown animal may 
attain a length of ten or twelve inches. The males and females 
are alike, and there is little seasonal variation. 

The ground squirrel is a terrestrial, burrowing species which 
has a large body and a short tail. There are numerous subspecies 
of the ground squirrel distributed throughout the West, Middle 
West, and Southwest. As a rule they inhabit treeless areas such 
as plains and deserts; and they feed upon seeds, roots, insects, 
and birds (rare). Like the groundhog or woodchuck, the ground 
squirrel seldom wanders far from its burrow and makes a dash 
for its subterranean den when danger approaches. The dull colora- 
tion is constant throughout the year, although in some sections 
it is striped or spotted. The ground squirrel is also kno^ n as the 
spermophile, gopher, and digger. 

The woodchuck, groundhog, marmot, or whistle pig is a com- 
mon and widely distributed terrestrial relative of the tree squir- 
rels. It lives in underground burrows which are located in rock 
piles, hilMIdes, and ravines. The openings of the burrows are con- 
spicuous because the animals leave the barren, excavated material 
just before the entrances. Sometimes whole colonies of them make 
their burrows close together, although each burrow has its own 
inhabitant. 

The woodchuck feeds upon green, succulent vegetation; and 
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because of the absence of food in winter and because it could not 
possibly make long migrations, it hibernates during the long, cold 
periods. Down below the frost line the animals, fattened during 
the summer feeding, go to sleep. Usually two of them cuddle 
together, and during hibernation they are in a comatose state. 
The vital processes are reduced to a minimum; the heart beat and 
respiration are slowed down to an almost imperceptible point. 
The reserves of fatty tissues, built up during the summer months, 
furnish sufficient nutriment for the long period of inactivity. The 
woodchuck is edible although it is seldom eaten except by blacks 
and woodsmen. The animal is objectionable, not because of what 
it eats but because its burrows menace running horses and cattle; 
and they make cultivation more difficult. The fur is of little value. 

When disturbed the woodchuck attempts to reach its burrow; 
it seldom wanders far away because its short legs make it impos- 
sible Tor the animal to run swiftly. When cornered it is a worthy 
adversary for any dog, and its chattering teeth and whistling 
sounds are expressive of its anger. 

In the East, the woodchuck, or the groundhog as it is more 
commonly called, is supposed to emerge from its burrow on the 
second day of February; and if the sun is shining so as to cast a 
shadow, the animal, frightened by its shadow, immediately goes 
back into its den where it remains for an additional six weeks. Its 
retirement is supposed to be follow’ed by six more weeks of winter. 
This legend is connected with the idea that a warm February 
prognosticates a late spring. There are maliy people who still 
judge the approaching spring by the weather on '‘groundhog 
day.'' The woodchuck is very similar to the western ground 
squirrel, and in reality it is a ground squirrel itself. 

The chipmunks nest underground, usually concealing the en- 
trances to their burrows under rock piles, wood piles, and logs. 
The chipmunk does not make a well-beaten trail toward its den 
as does the woodchuck, but approaches the entrance by jumping. 
Excavated material is carried away so as not to reveal the location 
of the burrow. 

The chipmunk has many subspecies and varieties throughout 
the eastern and western sections of the country. In the West 
the species belong to the genus EutamiaSy and in the East the 
genus Tamias has several varieties of the one species, striatum. 

Chipmunks are characteristic little squirrels which are com- 
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monly seen running along rail fences, over stumps, or crossing 
highways with their tails erect. The coloration of both the western 
and eastern species varies considerably although the white stripes 
on the dorsal surface readily identify them. 

Chipmunks are friendly little mammals which can be attracted 
to window sills with piles of oatmeal, raisins, or seeds, which they 
stuff into their cheek pouches in such quantities as to give them 
the appearance of having the mumps. They store up food for the 
winter and therefore do not become excessively fat as do wood- 
chucks since they do not go into a comatose state of hibernation. 

The prairie dog is another ground squirrel about one-half the 
size of a woodchuck. It is a burrowing species indigenous to the 
Great Plains region. Like its relatives, the woodchuck and ground 
squirrel, it sits up on its haunches to look around and to feed. 

The pocket gopher {Geomyidae) is a familiar animal in the West 
and Midwest where its burrows are sometimes constructed in the 
middle of a gravel road. It is easily distinguished from other 
rodents by its fur-lined cheek pouches and broad head. There 
are two genera of gophers, Thommomys being far western and 
Geomys inhabiting the South and Midwest. They feed upon 
roots and bulbs underground and upon seeds and weeds above 
ground. 

The pocket rats. The pocket rats and mice {Heteroinyidae) are 
small rodents with external, fur-lined cheek pockets; slightly elon- 
gated hind legs; and a long tail. They feed upon seeds and live 
in brush piles, crevices, and under logs. Desert forms live in bur- 
rows. The pocket mice represent numerous subspecies distributed 
from Colorado westward and southward. The kangaroo rat, 
Texas spiny pocket rat, and the western pocket mice are native 
forms. 

The beavers. The beaver {Castoridae) is one of the most in- 
teresting of our native mammals. Its spectacular habits reveal 
some remarkable adaptations. It is a swimmer, woodsman, and 
engineer. At one time the beaver enjoyed a wide distribution in 
the United States, but trappers have reduced its numbers to such 
an extent that it is rare in many sections. Under restocking and 
rigid protection in Pennsylvania the beaver became so destruc- 
tively abundant that an open season was declared on them in 1933, 
and a total of nearly 7000 were taken. 

The beaver is entirely herbivorous and feeds on the bark of 



THE STUDY OF MAMMALS 


611 


many trees. It is especially fond of the bark and twigs of the 
yellow birch, quaking aspen, poplar, and willow. Selecting trees 
of these species which grow close to the water, the beaver gnaws 
around the trunk near the ground until the tree falls. The branches 
are then removed, and ofttimes the main stem of the tree is cut 
into shorter lengths so that they may be pushed, dragged, or 
rolled into the water. 

The great incisors, characteristic of the rodents, serve admi- 
rably in felling trees; and the endurable homes and dams show a 
practical knowledge of construction on the part of the animal. 

In making the dam, the beaver selects a small woodland stream. 
Placing the longer and thicker stems and branches with their 
large ends up stream, the animal proceeds to carry mud and stones 
which are piled on the bases. Then the smaller sticks, grasses, 
arid green branches are woven together; and the crevices are filled 
with ;.iud and stones. The process of construction goes on until 
the dam is from four to six feet high. The water backs up and 
forms a good-sized pond of comparatively still water. In this 
pond water lilies and other aquatic plants grow, and the beaver 
feeds on the roots of these. When the trees along the water's edge 
have all been cut down, as happens when the colony is an old one, 
the beaver will frequently dig canals from the pond back to the 
woods. In the.se canals food Ls transi)orted, and the necessity of 
dragging sticks and branches from a great distance over land is 
eliminated. 

Usually there are supplementary dams placed above and below 
the main one to reduce the danger of breaking in rainy weather 
when the streams are swift and swollen. The dam below the main 
dam holds the water against the lower side of the latter and 
strengthens it. 

There is generally a number of beavers in a colony; and when 
a break occurs in the dam, all of the members set to work to repair 
it. Each animal secures a stick on the shore and immediately 
swims with it to the break, where it is carefully placed. The sticks 
are placed so that water flows through them and floating mate- 
rial is caught as in a sieve and helps to plug the openings in 
the dam. 

The beaver occasionally lives in burrows in the banks of the 
pond. These burrows extend for a considerable distance beneath 
the bank and generally have their openings below the surface of 
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the water. The burrow ends in a larger chamber several feet in 
diameter. 

Usually the beaver constructs a mound-like home out in the 
water. This is made of sticks and mud and varies in size according 
to the number of individuals that live in it. The mound is conical 
and may be as much as eight feet high and forty feet in circum- 
ference. Inside the house and above the level of the water is a 
chamber in which the animal lives. The entrance to the hut is 
through a timnel, opening beneath the surface of the water. The 
walls of the house are quite thick. 

In winter the beaver partly hibernates within its house but 
ventures forth in mild weather. Food is stored in the pond for 
winter use, and the sticks from which the bark has been gnawed 
are used in reinforcing the dams. 

The beaver is active day and night; and when swimming it 
slaps the water violently with its tail to warn others when danger 
approaches. It is also interesting to note that when a beaver is 
cutting down a tree it usually strikes the ground with its tail as 
a warning to others in the vicinity, when the tree is about to 
faU. 

The beaver is the largest of our native rodents and may weigh 
up to fifty poimds. Its color is a dark chestnut brown on the back, 
blending to a lighter, almost cinnamon, brown beneath and on 
the sides. 

The head is rounded and the nose is blunt. The large orange- 
colored incisors are quite prominent. The ears are short and the 
body is thick and heavy set. The legs are short and each foot has 
five toes. The second toe on the webbed hind feet has a double 
or divided claw. The broad flat tail is used as a rudder in swim- 
ming. The beaver has anal musk glands which secrete a strong- 
smelling fluid. There are two coats of hair, the outer being longer 
and coarser than the soft under fur. Both the females and the 
males are alike, and there is only a slight seasonal variation. 
The fur is quite valuable. 

The total length of an adult beaver is about forty-two inches. 
The tail is about sixteen inches long and the hind feet measure 
almost seven inches. 

Beavers are apparently monogamists and probably mate for 
life. Mating takes place in February and the young, numbering 
from three to eight, are bom in May. 
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The native rats and mice (Cricetidae). The deer mouse or 
white-footed mouse is one of the commonest and gentlest of wild 
creatures to be found in the United States. It can be seen at 
almost any season in the woods and around bams and brush 
heaps. It is a common mammal on beaches where it constructs 
a crude nest under boards and logs which have been cast up by 
the waves. 

The deer mouse is undoubtedly the most beautiful of all our 
native mice, being grayish-broi^Ti above and almost pure white 
beneath. It is larger than the house mouse and has a long, pointed 
nose. The ears are large, hairy, and prominent. The large eyes 
and long whiskers make its face attractive. As a rule, it may be 
handled with impunity if care is exercised in catching it; and 
within a few days it becomes as tame as white mice. 

The home of this delightful creature is usually in the woods 
where may add to a deserted bird’s nest, making of it a large 
globular house of dried leaves, grasses, and vines, sometimes a 
considerable distance above the ground. It frequently happems 
that a number will occupy the same nest. Rural dwellings and 
barns are also utilized for home-making. 

The deer mouse feeds upon seeds, nuts, and grains. Sometimes 
it stores large quantities of beechnuts, acorns, seeds, and corn for 
winter use. Summer camps are invariably visited by the deer 
mouse; and cereals, flour, and sometimes hide shoestrings are 
destroyed by it. It is an excellent climber and runs about over 
the branches of trees and shrubs. Some people «all it the wood 
mouse. 

This interesting creature is very prolific, and the female may 
have three or four litters of from three to six young in a year. 
On one occasion the writer surprised a number of deer mice in a 
rather open place. Three of them darted under a board. When 
the board was lifted, all three had their noses pushed into a shallow 
cavity which they had evidently dug in a hurry. Remaining ab- 
solutely quiet, they apparently thought they were escaping de- 
tection although their bodies were fully exposed. Needless to 
say, they were not further disturbed. 

According to some writers, the deer mouse resorts to ‘‘singing” 
for its own amusement or perhaps for its mate. Who knows? 

There are many species and subspecies of deer mice scattered 
throughout the whole of North America, including Fischer’s deer 
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mouse and Rafinesque’s deer mouse which are found in the 
northeastern states. 

The lemming mouse is one of a great number of species distrib- 
uted throughout the northern part of the United States. It is 
usually found in boggy regions, and it often uses the runways of 
meadow mice and is frequently caught with them. It resembles 
the meadow mouse so closely that it is apt to be mistaken for it. 
The lemming mouse may be distinguished by its short tail and 
by its grooved front teeth. The head is blunt; the ears are nearly 
hidden in the fur; and the legs are short. Its coloration is virtually 
the same as that of the meadow mouse, and the two sexes are 
alike. There is a slight seasonal variation, the summer color being 
a buffy gray or yellowish brown lined with black, and the winter 
color being a slaty gray. It is about five inches long when full 
grown. 

The red-backed mouse, although usually preferring forest haunts, 
is frequently to be found in grassy fields where it hides under fallen 
logs or under stones. It really lives in underground burrows sim- 
ilar to those of field mice but usually selects dry, well-drained 
ground. Its nest is made of fine dry grass or moss and is placed 
within a chamber along one of its underground tunnels. Some- 
times it nests in a hollow log; and on one occasion, the writer 
found a number of nests under a slab of corrugated iron. Several 
litters of young are bom during the summer and each litter may 
contain from three to eight young. 

The red-backed mouse is related to the field mice, but it seldom 
menaces crops as do the latter at times. The distribution of the 
numerous species and subspecies is confined to the northern wooded 
sections of the United States. The red-backed mouse is active 
both day and night and one may see it sitting up like a squirrel, 
holding seeds of berries between its fore feet and nibbling away 
in a characteristic manner. It eats beechnuts, acorns, and other 
seeds, in addition to young roots, bark and twigs of low shrubs. 

The pine voles, of which there are several species, range from 
New England to Florida. The pine vole is sometimes called the 
mole mouse because of its burrowing habits. It lives almost en- 
tirely beneath the surface of the ground and has its fore feet 
somewhat modified for digging. The pine vole confines its activ- 
ities to comparatively loose soil where it makes a series of tunnels 
which ramify in all directions. It frequently follows com rows 
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and removes newly planted seeds. Occasionally it enters gardens 
and takes beans and other seeds. In addition, it does considerable 
damage to bulbs and the roots of growing plants. It is particularly 
destructive to sweet potatoes and tap roots. 

The pine vole is covered with a soft, dense fur, which resembles 
the coat of the mole in texture. The general coloration is rusty 
brown above, and the under parts are whitish. The ears are short 
and inconspicuous, and the eyes are small. The tail is very short, 
totaling only about one-fifth of the body length. The legs are 
short; in some ways the animal resembles a shrew, but the rounded 
head, blunt nose, and typical rodent teeth, enable one to identify 
it easily. 

The pine vole nests in a globular mass of dried leaves and grasses 
placed in an enlarged chamber along one of the subterranean tun- 
nels. There are usually from four to six young in a litter. These 
are born in the latter part of March or in the early part of April. 
There are probably five or six broods in a year. The adult has a 
length of four and one-half inches. 

The meadow mouse is abundant in all parts of Pennsylvania 
and, with its relatives, is probably the most abundant rodent in 
numbers and species on the North American continent. While 
our common species prefers moist meadows and swampy fields 
for its home, it frequently extends its burrows into cultivated 
fields. Occasionally it constructs a summer nest under a log or 
in a tussock of grass. While it sometimes bears its young in the 
nest above ground, as a general rule it has a ch^iber at the end 
of the underground burrow where four litters of from six to eight 
young are born during the year. The underground home is bedded 
with soft materials of all kinds. It rarely nests in houses or 
bams. 

The meadow mouse establishes a series of runways which ramify 
in all directions from the entrance to the burrow. The runways 
are kept clear of sticks and other obstacles which might impede 
its progress in case a hasty retreat to the burrow is made necessary. 

The meadow mouse feeds on growing grass, alfalfa, seeds, bulbs, 
root crops, and vegetables. When wheat and oats are harvested, 
great numbers of meadow mice congregate under the shocks and 
frequently do great damage. In the winter they often gnaw the 
bark around the bases of young fruit trees, and whole orchards of 
young trees have been killed by them. It is estimated that the 
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mice of the genus Microtus cause an annual loss of over three 
million dollars to American farmers. 

The meadow mouse is about seven inches long, and the tail is 
not quite two inches in length. The body is somewhat heavier 
than that of the house mouse. The head is large and blunt; the 
ears are barely perceptible above the fur; the legs are short; 
the fur is long and overlaid with coarse hairs; the soles of the feet 
are naked; and each foot has six plantar tubercles. 

The sexes are identical in size and color. The summer coat 
varies from a dark chestnut brown to a light yellowish brown 
above, with a number of coarse black hairs along the back. The 
under parts are a smoky gray slightly tinged with light brown. 
The feet are brownish. The tail is brown above and somewhat 
paler beneath. In winter the general coloration is duller and more 
uniformly gray. 

The woodrat. The Pennsylvania woodrat is the most common 
eastern representative of a large number of species which are 
widely distributed. It lives chiefly in caves or in rocky crevices, 
although occasionally it burrows into the ground under the stump 
of a dead tree. Its nest is usually conspicuous because of its 
habit of placing all sorts of objects about the entrance. The nest 
is a huge affair, usually mound-like and constructed of sticks, 
dried grass, tufted seeds, rags, etc., crudely heaped together. 
The animal stores up quantities of seeds, pinyon and other nuts, 
haws, wild grapes, and other fniits. Virtually every deserted or 
unoccupied mountain cabin is inhabited by this curious creature 
which seems to take delight in stealing objects which could not 
possibly serve it in any way. Knives, forks, spoons, nails, and 
dozens of other articles left lying about a hunting lodge or cabin 
will disappear; and a careful search will reveal them to be hidden 
in all sorts of places. Dr. Homaday says that ‘^Seemingly, its 
chief object in life is to play practical jokes on mankind.^^ 

The woodrat is about the size of the ordinary house rat but it is 
easily distinguished from this loathsome species by its buffy slate- 
colorecj^ back and white underparts. Its tail, unlike that of the 
brown rat, is quite hairy and sometimes bushy. The underside 
of the tail is white. The eyes are large and black, and the ears 
are large and prominent. The long pointed nose and long white 
whiskere add a touch of dignity. 

The woodrat is chiefly nocturnal and is a good climber. While 



THE STUDY OF MAMMALS 


517 


it is usually solitary, several may occupy the same nest. There 
are several litters of four or five young each year. 

In some sections of the United States, and especially in Mexico, 
the woodrat is relished as a food. It is seldom a troublesome crea- 
ture here, although it has been known to dig up pine seeds that 
have been planted. 

The muskrat. The muskrat is quite generally distributed 
throughout the country, and it is sought by many persons for its 
valuable fur. In some places it is used for food. The muskrat 
is several times as large as an ordinary rat and has a rather thick 
body with short legs. The hind feet are partly webbed and other- 
wise adapted to swimming. 

The long, scaly, nearly naked tail is flattened on the sides and 
serves as a rudder when the animal is swimming. The color is 
brown, but of various shades in different individuals. It ranges 
from a very light shade to a very dark one and is alwrays darker 
on the back. The underside is whitish. The muskrat lives in 
sw’amps, ponds, and streams, and often burrows in the banks of 
the latter to construct its nest which is placed in a large chamber 
at the end of the burrow. While the chamber is always above the 
water level, the entrance may be beneath it. Muskrats also build 
large, dome-shaped huts two or three feet high and from five to 
six feet in diameter. These homes resemble somewhat those of 
the beaver. The houses are placed in the water away from the 
shore and are made of sticks and reeds. The interior of the house 
has a floor above the water level and is reached by diving from 
the outside. The muskrat does not hibernate but spends much of 
the winter within its house, although it frequently goes on ex- 
cursions w^hen the ponds are frozen; the writer has even seen it 
swimming beneath the ice. It feeds upon water plants, crayfish, 
mussels, and occasionally fish. It also stores up roots and other 
material for winter use and sometimes invades gardens where it 
feeds upon cultivated plants. 

While the muskrat is chiefly nocturnal, it may occasionally be 
seen during the day sitting upon a stone or log feeding. 

The young are born naked and helpless, and there may be from 
four to thirteen in a litter. Muskrat tracks may be seen in the 
grassy regions along ponds and streams where they have well- 
beaten trails. The front feet have four toes and the hind feet have 
five. 
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The creature has a total length of twenty-one inches, and the 
tail is almost one-half as long as the head and body combined. 
The hind foot measures three and one-half inches, and the creature 
may weigh as much as two and one-fourth pounds. 

The Old World rats and mice {Muridae). The house mouse 
is a clever creature and it is found everywhere in abundance. 
Like the rat, it seems to prefer an intimate association with hu- 
mans, and only its size prevents it from doing as much damage 
as the rat. 

However, it succeeds in doing quite enough harm and should 
be continuously fought against. In addition to adding to the ter- 
rors of the female human population, the mouse persists in destroy- 
ing foodstuffs and other materials in much the same manner as 
do rats. 

Being of small size, it gains access to many situations; and even 
the seed in the canary\s cage is devoured by it. Of course field 
mice frequently get into the house also, but in cities it is invariably 
the house mouse that one sees and hears. The house mouse nests 
in fur garments, old shoes, stove pipes, rag bags, and in almost 
every other sort of locality. It begins to bear when three months 
old and has a litter of from eight to ten every two or three months 
during the year. The nest is made of soft materials, such as hair, 
chewed newspapers, and rags. 

The chief tharacteristics of the house mouse are: nose pointed; 
ears fairly large; tail quite long; body almost slender; color above, 
grayish brown with long black or yellowish hairs unevenly dis- 
tributed; the underside is a slaty gray. Seldom more than six 
inches long, the tail being half the body length. 

The Norway rat. Certainly the common rat is the most detested 
of native animals. The damage done by it amounts to millions 
of dollars annually, and it seems that nothing escapes its destruc- 
tive ravages. Every sort of foodstuff, flooring, hot house plants, 
hulls of ships, insulation on electric wires, lead pipes, books, 
clothes, grains, field crops, chickens, birds' eggs, and even little 
pigs are ^^estroyed by it. In addition to causing great damage to 
these and other things, the rat spreads fleas, filth, and disease. 
It is very prolific, having several litters of from eight to fourteen 
each year. The common rat is not a native of the United States, 
but was introduced years ago, having been brought here in ships. 
It is now quite generally distributed over the world and in some 
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countries causes a great mortality through its spreading of bubonic 
plague, tuberculosis, parasitic worms, typhoid, and other maladies. 

It is a vicious creature and can inflict severe injuries. It nests 
in sewers, mines, and in the habitations of man. Sometimes it 
burrows in the ground, and its burrowing has been known to reduce 
the strength of building foundations. 

It lines its nest with rags, cotton, or any other soft material 
which it can find or steal. It is normally a grayish brown on the 
upper part of its body and a grayish white below. Its ears and 
eyes arc large, and its tail is as long as the head and body. The 
tail is almost naked, and the rings of overlapping scales are quite 
visible. It is about fifteen inches long when full grown. The snout 
is long, pointed, and bare at the end. 

The black rat The black rat was probably introduced before 
the common brown rat, but its numbers have been considerably 
reduced liV the latter. In fact, the black rat has been completely 
exterminated in some sections by the brown rat. 

The black rat is smaller than the Norway or brown rat, and 
on the dorsal surface it is a rather lead-colored black. The ventral 
surface is a slate-colored black. In addition to the difference in 
color, the tail of the black rat is much longer in proportion tlmn 
that of the brown rat, and the scaly rings on the tail are even 
more prominent in the black rat than in the brown rat. 

The habits of the black rat are similar to those of the brown rat 
except that it does not burrow under foundations. 

The Alexandria rat. Another rat that may be found in scattered 
localities throughout the eastern states and in reduced numbers is 
the roof rat or Alexandria rat. It is smaller than the brown rat 
and proximates the size of the black rat. Its tail is more than 
half the body length, while the color is reddish brown above, 
blending into a grayish white below. It is apparently scarce. 

The jumping mice {Zapodidae), The jumping mouse or kangaroo 
mouse may lx; readily identified by its extremely long hind legs; 
very long tail, which is one and one-half times the body length; 
short fore legs; and cheek pouches into which it can stuff con- 
siderable food. 

It is yellowish brown in color and has a very perceptible black 
band running down the middle of the back due to the presence 
of many long, shining, black-tipped hairs. The sides are an even 
brighter hue, and the undersides and feet are white. The dividing 
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line between the upper and the undersides is sharply drawn. The 
tail is dark above and whitish beneath and is sparsely covered 
with hair. The head is of normal proportions, and the nose is 
pointed. The ears are small, and each foot has five toes. 

The hair coat may seem rather coarse upon the first examination, 
but a closer observation will show that the main coat is short and 
fine and that the coarser long hairs are less in number. 

The jumping mouse is well named, and it leaps in a manner 
similar to the kangaroo after which it is named. The tail serves 
as a prop and aids considerably in locomotion, as is shown by 
the fact that, when part of the tail is lost through accident, the 
animal has considerable difficulty in getting along. 

The jumping mouse is a very inoffensive creature and foods upon 
green vegetation, although it seldom becomes a menace in hay 
fields. It nests in a shallow burrow, in hoUow trees, or beneath 
boards. The nest is globular and occasionally made of dried grass. 
The young are bom in litters of five or six during the latter part of 
May or in the early part of Jime. In winter the animal digs a deep 
burrow in which it hibernates. Its total length is about eight 
inches, and the tail is about five inches. The hind foot measures 
1.2 inches. There are several kinds of jumping mice in eastern 
United States. Other species extend throughout the country. 

Like the meadow jumping mouse, the woodland form has a very 
long naked tail which it uses to good advantage in its jumping 
movements. However, this species is larger than the other species 
of jumping mice, and its ears are larger and longer. The w’oodland 
form has a paler color, becoming almo.st a buffy yellow above, and 
does not have an admixture of brownish gray on the under parts. 
The tail is tipped with white. There is also a distinct dental differ- 
ence, in that the woodland jumping mou.se lacks the upper pre- 
molar tooth which is possesssed by the other jumping mice of the 
genus Zapu8. 

The woodland jumping mou.se lives within the confines of the 
forests, in close proximity to a stream. The creature forages along 
the banks, and its footprints are commonly seen in the moist sand 
close to the water’s edge. It is supposed to be entirely a nocturnal 
animal, and it is the most beautiful of the group of kangaroo mice. 
None of the jumping mice become pests inasmuch as they limit 
their diet to small seeds, nuts, grasses, and insects. 

As winter approaches, the jumping mouse retires to a spherical 



THE STUDY OF MAMMALS 


521 


nest of leaves and grass which is placed below the frost line. In the 
nest the creature curls up and sleeps until spring returns. 

The porcupine. The porcupine (Erethizontidae) is one of the 
most spectacular of our common mammals. The specialized devel- 
opment of many of the hairs into sharp spines or quills from a half- 
inch to three inches in length makes the defense a formidable one. 
When danger approaches, the porcupine lowers its head, arches its 
back, and appears to be rolled into a ball. The spines stand up and 
point in all directions and the tail is made ready for a vigorous 
sweep. When attacked, the tail strikes like a whip and the enemy 
receives a large collection of sharp penetrating needles. Since the 
spines or quills protect every portion of the body, its defense is 
almost impregnable. The spmcs are not firmly attached in the 
skin and when their free ends penetrate the skin of a foe, they pull 
out and remain firmly embedded in the victim, being held fast 
through iho barbs at the tips. The porcupine docs not ‘hshoot^' 
its quills, as many people believe. 

While the quills are rather effective as defense structures, 
porcupines are not immune to all attacks; and many of them fall 
vi^ctims to eagles, owls, and wild cats. The porcupine is a solitary 
animal and is chiefly nocturnal in its habits. Being a true rodent, 
it is capable of doing considerable damage; and it frequently gnaws 
through doors and wooded walls. Campers who carelessly leave 
their axes within reach often discover the handles gnawed the next 
morning. Almost any wooded object that is handled by humans is 
subject to the workings of the porcupine. Tlu' crcfc tiire apparently 
does this for the salt left by perspiration. 

The usual food of the animal is various in character. It devours 
almost anytliing; in its woodland haunts it feeds chiefly upon 
bark, twigs, and fruits. It climbs trc'es readily. The porcupine is a 
sluggish animal and seldom attempts to make haste, depending 
upon its array of spines for protection. 

The young, numbering from one to four, are born in May and are 
larger tlian the young of many mammals several times their size. 

The favorite haunts of porcupines are evergreen forests, and 
they seem to prefer hemlock trees for food. 

The rabbits (Leporidae). The common “ cotton tail ” rabbit is 
familiar to everyone. It is so abundiyit in Pennsylvania that it is 
often secai in city yai’ds at night. Probably no other wild creature 
delights children as does the rabbit. It figures largely in their 
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Easter celebrations, and every child has listened many times to 
Uncle Remus’ tale of “Brer Rabbit,” and to “Bye Baby Bunting.” 

Rabbits inhabit the \voodlands and the open fields over which 
they roam, chiefly at night. Hundreds are killed by automobiles 
on the roads each year, and thousands are shot during the open 
seasons in sections where they are hunted for sport. But they 
persist in great numbers, sometimes becoming quite a serious 
menace to orchards, gardens, and field crops. Their habits of 
che\ving the bark from fruit trees in winter, and destroying 
alfalfa, vegetables, and nursery stock make it necessary to keep 
them in check. 

The rabbit may nest in an underground burrow or in a shallow 
depression in the ground. Ofttimes the mother will line the depres- 
sion with grass, dead leaves, and hair taken from her own body. 
In this cozy nest several litters of from three to six young are bom 
each year. The nest is covei-ed so well that it is usually hard to find. 
As darkness approaches, the rabbit ventures forth on foraging 
expeditions; it frequently becomes the victim of foxes, weasels, and 
owls. Sometimes during the day it sits and sleeps under a bush 
or in a “special setup” in deep grass. If disturbed, it scurries away 
in a zig-zag manner, its “cotton tail” showing conspicuously. 
Usually when danger approaches, the rabbit will thump the ground 
with its hind feet to warn others of approaching danger. The long 
hind legs are^powerful and capable of rendering quite a kick. The 
rabbit differs from the hare in that it is smaller, has shorter ears 
and legs, and has a snowy-white undertail. 

There are three common species of rabbits. All are quite similar 
in most respects, but the above-described form is more southern 
in its distribution. The other species, Sylvilagus transitionalis and 
Sylvilagus floridarvus mallurus, are generally found in the northern 
section of the eastern states. 

The snow-shoe rabbit or arctic hare is a rather large species, 
attaining a length of 19 inches, and it gets its name from its large 
broad feet, which seem well adapted to travel over deep snow. 
The hincjjeet are provided with long hairs which produce a snow- 
shoe effect. In winter the creature is a snow-white color, while in 
the summer it assumes a color varying from a grayish to a reddish 
brown. It is commonly supposed that the hairs turn color with 
approaching seasons, but it has been definitely established that the 
changes appear with molting. 
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The varying hares are chiefly nocturnal in their habits and rest 
during the day in crudely made beds of grass or in depressions in 
snow. Their activities increase in the early spring when mating 
begins. Frequently during the mating season a number of males 
congregate in the same place and indulge in bitter fights. When 
disturbed, they thump the ground with their hind feet as do most 
members of this group, probably to warn others of approaching 
danger. It is believed by some people that they call their mates in 
this way. 

The species do not burrow into the ground but often make de- 
pressions in which the young are placed. There are usually from 
three to seven young. The nests are made of dry leaves and grasses 
to which the mother adds a lining of hair from her own body. The 
nest is placed under brush or in dense vegetation. The food con- 
sists of grasses, small plants, twigs, and buds. It is distinctly a 
norlLt.rn species, although its range extends into the mountainous 
regions of Virginia where it seldom assumes the full white color. 
A number of the southern forms are subspecies. The most common 
enemies of the snow-shoe rabbit are the weasels, arctic foxes, and 
snowy owls. 

The jack rabbits are very large and long-eared. Their hind legs 
are over-developed in comparison with the other rabbits, and they 
are capable of making unusually long leaps. While the jack rabbit 
has been introduced into several eastern sections by sportsmen, it 
has never thrived to any great degree. The jack rabbit is a very 
conspicuous form in the Middle West where it considered a very 
destructive pest; and thousands of them are slaughtered annually 
in organized drives by agriculturists. There are quite a number of 
species of jack rabbits, in which the main differences are color 
phases. Most of them are confined to the section west of the 
Mississippi River. 

The deer family {Cervidae), The Virginia white-tailed deer is 
certainly the swiftest and most graceful of the larger mammals. 
The long slender legs and lithe body make the creature beautiful 
to look at. The habit of raising the tail and showing the white 
underside when disturbed is considered a warning gesture to others 
in the vicinity, and has earned for it the name white-tailed deer. 

Only male deer have antlers, and these are shed annually. As the 
young male grows the top of the skull develops two projections 
known as pedicles which serve as bases for the antlers. With the 
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increase in size and thickness of the skull, the pedicles spread and 
do not protrude so prominently. As the animal grows older, the 
antlers develop as a soft, pulpy mass covered with skin and fine, 
velvet-like hair. When the full growth is reached, the circulation 
of the blood is cut off and the antlers become hard and dry. The 
animal then removes the “velvet” by rubbing the antlers on the 
bark and branches of trees. This is usually done about the first of 
September. The size of the antlers depends at first on the age and 
physical condition of the buck; but later, age does not usually 
affect the size. There is no doubt that the food supply influences 
the growth. 

At first the males are very careful of their antlers; but later, when 
the mating season arrives in October, the males will fight among 
themselves, often breaking their recently matured antlers. Some- 
times they become inextricably interlocked, and death results. 
The deer is usually about a year and a half old when its first set of 
antlers is mature. The first set, as a rule, does not have prongs or 
branches; the animal is then called a “spike buck.” In succeeding 
years, the number of branches increases; the best set of antlers 
appears when the animal is about five years old. 

The female deer or doe gives birth to one or two and rarely 
three young in the early part of May. The young are called fawns 
and are possessed of the spotted forest pattern which seems to 
render a protection. The young do not follow the mother for the 
■first few weeks; as they grow older, the hair coat develops in full. 
Then the spots gradually disappear until fall, when the coat of 
coarse hair is a uniform brown. 

There are two pelage phases of our common deer. In summer its 
body is a reddish brown with the belly, underside, tip of tail, 
inside of legs, and throat patch white. There is a blackish spot on 
either side of the face and a whitish band across the nose. In winter 
the body color changes to a grayish or grayish brown. The hair 
also becomes longer and stiffen The young are reddish brown with 
white spots which persist until the fifth month. 

The Yii;|inia or white-tailed deer is from five to six feet long, and 
the tail measures twelve inches. Its height at the shoulders is three 
feet, and a mature male may weigh from 250 to 300 pounds. The 
older bucks have enlarged necks during the mating season. 

The deer is a ruminant or browsing animal, feeding entirely 
upon vegetable matter such as the buds, leaves, and tender twigs 
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of trees and shrubs. In winter when food is scarce they will devour 
rhododendron, laurel, hemlock, and bark. In extreme cases, the 
deer will visit open fields and even mingle among domestic stock 
on rural farms. It is interesting to note that the deer can survive 
on plants which kill sheep and other animals. In one season almost 
100,000 deer were killed in Pennsylvania during the open season for 
shooting them, and an average of more than 20,000 males are taken 
each year in Pennsylvania alone. 

The moose. The moose is chiefly a northern mammal ranging 
in the United States from Maine to the Rocky Mountains. How- 
ever, its distribution is rather discontinous, and its range seldom 
extends below North Dakota. A smaller species inhabits the 
Yellowstone National Forest and some sections of Montana, 
Wyoming, and Idaho. 

The moose is a stately animal, and it is the largest of the Ameri- 
ean Occi family. Its palmated antlers are huge, and the shoulders 
are high in comparison with other deer. The young are not spotted 
like the fawn of the Virginia deer. The cow has only one calf her 
first year and usually two thereafter. While it is rather ungainly 
in appearance, there is something majestic about the moose. 

The moose feeds upon the stems and roots of aquatic plants in 
the summer and upon shrubs, grasses, and the lower leaves of trees 
in fall and winter. Mating takes place in the fall. The bull moose 
calls for a mate and otherwise reveals his location by breaking 
brush with wanton abandon. Sometimes the call is answered by a 
cow, and the two sexes move toward each otlier with frequent 
communications. When the call is answered by another male, the 
moose prepares for combat. Galling takes place only during the 
mating season. 

The elk. The wapiti or elk {Cervus canademis), sometimes called 
the American stag, is the largest American deer with the exception 
of the moose. It is a rather rare animal in most sections of its 
original range, which included the entire northern section of the 
United States. It is still present in numbers in some northeastern 
states, notably Pennsylvania, due to restocking. 

The habits of the elk are typically those of most other deer, 
the males being polygamous and resorting to calling during the 
breeding season. The males engage in bitter combat as do our 
native deer. 

The, elk is a dark chestnut brown with grayish sides and a dark 
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underside. There is a white patch between the hind legs and a 
straw-colored patch on the rump. The males have widely branched 
antlers which are deciduous. It feeds on grass, foliage, twigs, and 
herbaceous plants. It is much larger than the Virginia deer. The 
enemies of the elk are the bear, wolf, and cougar. 

The caribou. The caribou is a large deer with slightly palmated 
antlers on both sexes. It is also a northern mammal, with several 
subspecies ranging throughout most of North America north of 
latitude 46“. 

The antelope. The pronghorn antelope is a small ungulate with 
simple curved antlers on both sexes. The antler carries one lateral 
prong. It is confined to the plains and the mountainous sections of 
the Far West. 


Fossils 

The ardent student of nature engages in field studies; and on his 
excursions he will inevitably find some evidences of organisms that 
lived long ago. These evidences may be the preserved footprints 
of some prehistoric beast or may be skeletons of animals long since 
passed into extinction. Sometimes the shells, teeth, or even the 
entire oi^ganism itself may be found embedded in the rocks. More 
frequently, the imprints of leaves and ferns are found in loose shale. 
These remains are called fossils; they are either the preserved 
..organisms themselves or the molds of the originals which have 
been formed by petrefaction. In petrifying, the substance of the 
organism is slowly replaced by earthy material, leaving the per- 
fectly formed part or whole. 

Fossils are vastly important in that they reveal the kinds of 
living things that once inhabited the earth. Through their study 
the course of evolution was first determined, later to be sub- 
stantiated by developmental studies of living things. 

If the processes of fossilization had not taken place, we would not 
be fortunate enough to gaze upon the skeletons of giant dinosaurs, 
mammoths, saber-toothed tigers, ground sloths, and such grotesque 
creatures ips megatherium, archaeopteryx, glyptodon, mastodon, 
and numerous others.^ Without fossil remains, the. evolution of the 
horse from a primitive five-toed creature no larger than a dog to 
its present state could not have been determined. The fossil re- 
mains of the camel have made it possible to trace its origin in 

^ See literature appended to this chapter. 
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America and its subsequent migration to Asia across the continental 
bridge that once connected North America and the Asiatic con- 
tinent. 

Through fossil remains the primitive ancestors of most of our 
native plants and animals have become known. Through them 
also the topographical and climatic conditions which once obtained 
in regions are indicated. Just as the known artifacts of Indian 
tribes found in various regions indicate the migrations of nomadic 
tribes, so too the fossil remains of animals, often fragmentary, 
suggest the migrations and dissemination of the various kinds from 
the centers of origin of numerous species. 

Even the primitive one-celled animals have left their remains in 
rocks of an early geological age, and these remains are examined by 
grinding sections of the rocks to a tissue paper thickness w'hich 
allows the transmission of sufficient light to make microscopic 
cxai4/Iuntions possible. 

The specialization of insects has been determined by comparing 
body structures and wing venations of modem insects with the 
fossil remains of primitive types. What a thrill the collector must 
have experienced when he found fossil remains of dragon flies with a 
wing spread of almost two feet. What a feeling of compensation 
Dr. Roy Chapman Andrews must have enjoyed when he found the 
fossil eggs of dinosaurs that lived millions of years ago. There is 
real excitement in fossil hunting, and it is accompanied w'ith 
pleasurable emotions when the remains of plants and animals that 
lived in prehistoric times are discovered. 

And these discoveries can be made in most sections. In the soft 
coal region many of the boulders along the streams show the 
imprints of the tropical or subtropical plants such as calamites, 
lepidodendrons, and sigillarids, which undoubtedly contributed 
much to the formation of coal. In the slaty shales which are un- 
earthed by coal-mining operations, tree ferns and other beautiful 
plant remains are often found. In stone quarries, fossil fishes, 
shelled mollusks, insect fossils, many kinds of leaves, and flowers 
are frequently found. Limestone shale invariably produces some 
fossilized remains which are interesting. In excavations for large 
buildings, the older strata are sometimes revealed; and these 
are sometimes prolific in fossil remains. In excavating for the 
Cathedral of Learning at the University of Pittsburgh, for in- 
stance, the preglacial gravel which marks the former bed of the 
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Monongahela River was unearthed. The present river bed is more 
than a mile from the university. 

In the terminal and lateral moraines of the glaciers which once 
descended into the United States, there are remains of corals and 
other very ancient animal forms which were transported by the 
glaciers in their movements from northern sections, where the 
earlier strata are close to the surface of the ground. The smooth, 
oval, or rounded nodules which are frequently found embedded in 
rocks very often have the remains of fishes and other organisms in 
them ; and these can be seen by splitting open these unique forma- 
tions. 

W'hen fossils are found, an effort should bo made to determine 
what they are. When the finder cannot do this, ho should submit 
them to authorities in universities and museums for identification. 
The fossils may be important contributions to our knowledge of the 
past, and they should be careful^ collected and handled. Extreme 
care should be taken so as to keep them unbroken when possible. 

Not only will fossils indicate what lived in the past, but the 
student will ofttimes observe some interesting relationships 
between the ancient remains and living representatives which he 
can see today. Furthermore, the unvarying law of change will be 
emphasized. For instance, on the very tops of several western 
ridges in the Allegheny Mountains there are quarries in which 
thousands of perfectly formed shells of marine brachiopods can be 
found. The presence of these fossils of animals, that could not have 
lived anywhere but in the shallow waters of the ocean, on the 
highest parts of a mountain chain are testimonials which corrob- 
orate the saying that ‘‘the old order changeth.'^ 

Their presence indicates that their present location once marked 
the shore line of an ocean which shifted its basin in the ages that 
followed. The presence of tropical plants such as lepidodendrons 
and sigillarids, together with the remains of armadillos and ground 
sloths, in a large section of eastern United States indicates that 
prior to the descent of the glaciers this region was once warm and 
humid. Tjj^e ecology of numerous species, the remains of which are 
found in this section, has made it possible to substantiate deduc- 
tions made from the study of these fossil remains. And through 
these studies, the origin, distribution, and genealogy of plants and 
animals, and the climatic conditions under which they lived, have 
been determined. .Thmugh them also the subsequent climatic and 
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topographic changes that have taken place, and the responses of 
both plants and animals to these changes, are revealed. All of 
these things contribute much to our concept of evolution; and all 
of them add greatly to our appreciation of life as it now exists in 
the sections where we live. Furthermore, the information thus 
obtained makes possible a deeper, more comprehensive, and more 
pleasant interpretation of the behavior, the structural makeup, 
coloration, habitat selectivity, habits, and life histories of the 
organisms which command the attention of the naturalist and to 
which this text is devoted. 

Therefore a course in nature study should include the study of 
local fossils and the geological history of the region. The references 
attached to this chapter will point the way to such studies. 
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CHAPTER XX 


THE STUDY OF PLANTS 

It has already been indicated that, in the last analysis, the 
fundamental difference between plants and animals is chiefly in 
their nutrition. Like the animals, plants show a great diversity 
of size, form, and structure. They exhibit a wide series of adapta- 
tions and adjustments which enable them to survive in all sorts 
of situations and under a great variety of conditions. Their ecology 
is just as int<iresting as the environmental relationships of animals, 
and among them are to be found some of the most astounding 
revelations in nature. 

Plants are living organisms. They eat — they grow — they repro- 
duce. In addition, they are subject to the laws of heredity, natural 
selection, and adaptation, as are animals. They must be con- 
sidered from the standpoint of morphology, physiology, geograph- 
ical distribution, and response to enviionmental conditions because 
they are living organisms. Among them are large and small, good 
and bad, dangerous and beneficial kinds. 

Plant Groups 

There are four major plant groupj?, each differ*' ? greatly from 
the others. They are as follows: 

1. The Thallophytes, which include the algae and fungi, are the 
lowest in the plant scale. They possess no roots or leaves and they 
reproduce, usually, by single-celled spores. They are found in 
moist places, and the group comprises myriads of very distantly 
related kinds. Among them are the algae; fungi, such as toad- 
stools, mushrooms, bracket fungi; bacteria; molds; mildews; rusts, 
such as the wheat rust; and blights, such as the chestnut blight 
and the white pine blister disease. In these plants there is a sim- 
plicity of structure marked by a lack of specialized tissues and 
organs. 

Just as in the lower animals there may be found a wide assort- 
ment of reproductive processes, so in these lowly plants there 
may be seen modifications of both sexual and asexual methods. 
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Most of the water species in this group produce unicellular 
spores which are quite motile, swimming about by means of cilia 
or flagella. These are called zoospores because of their resemblance 
to animals, and the beginning student might easily mistake these 
for Protozoans. In plants which live in air, the spores are diverse 
in form and origin; and they are scattered by winds. In the one- 



Fig. 212. The life history of the fern. Courtesy General Biol. 
Supply Co. 


celled plants reproduction is sometimes effected by fission, the 
individual simply dividing into two parts. 

In some fungus plants sexual reproduction is accomplished by 
the conjugation of two similar spores (gametes) to form a zygo- 
spore. In others, dissimilar male and female spores or gametes are 
produced; and these unite to form an oospore; the union consti- 
tutes fertilization. 

The phylogenetic history of plants shows a development or 
evolution from simple ancestral kinds, like the Thallophytes, to 
the highly specialized flowering plants of today. 

The aJgae. There are four main classes of algae, viz., the blue- 
green, the green, the brown, and the red algae. The great majority 
of them are aquatic, and the latter two are chiefly marine. 

The algae are the only Thallophytes which contain chlorophyll 
and they are therefore able to manufacture their own food. In 
many of them, the individual plants are microscopic, and there- 
fore they cannot be seen with the naked eye. In the blue-green 
algae, the" chlorophyll seems to be dissolved in the cytoplasm of 
the cell; but in most of the others, the chlorophyll is usually 
confined in definite c4ll structures called chloroplasts or chromato- 
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phores. The Red Sea is so named because of the countless thou- 
sands of red algae which impart a red color to the water. This is 
a red stage of a blue-green algae (Trichodeamium). 

The blue-green algae (Cyanophyceae) are the simplest and 
lowliest of all green plants. They are single-celled, but many of 
them adhere together to form colonies. Reproduction in them is 
effected by simple division. 

The green algae (Chlorophyceae) comprii^ the greatest number 
of algae. The group includes colonial forms like the volvox ^ and 
numerous single-celled, swimming individuals. The filamentous 
algae such as Cladophora, which covers stones in running water 
and which is common in the lakes just off the shore where the 
breakers begin; Ulothrix, which covers stones in cold water; and 
Spirogyra, frog spit or pond scum, are green algae. 

The green algae reproduce by the production of zoospores, zygo- 
spores, and oospores. The common Ckara, which covers the bottom 
of projected bays in the Great Lakes and also in fresh-water 
ponds, probably belongs to the green algae, although antheridia 
and oogonia, which are rather complicated reproductive processes, 
are borne along the branches, which are arranged in whorls at 
definite places along the stem. 

The brown algae (Phaeophyceae) are the largest and most highly 
specialized as a rule, although the reproductive processes of the 
red algae are a little more complex. They include, in addition to 
many small filamentous kinds, the various seaweeds such as kelp 
and rockweed. In these, the hollow stems with swollen pockets 
are adaptations to flotation and hold the plants ^ rect. Demids 
and diatoms, most of which are microscopic and can be found in 
pond water in great numbers, are unicellula" algae of diverse 
form and color which are of rather uncertain position. Many of 
these are motile and swim actively about. 

The fungi. The fungi are distinguished from the algae by the 
lack of chlorophyll. These plants are, therefore, unable to manu- 
facture their own food by photosynthesis. Many of them, such 
as bacteria and molds, are parasitic; while hundreds of species of 
puff balls, mushrooms, and bracket fungi are saprophytic, living 
on dead organic matter. The gr 'up is extremely diverse and 
includes the germs of typhoid fever, diphtheria, tuberculosis, 

^ The volvox is still a controversial organism and it is claimed by both botanists 
and 2o5iogiBt8. 
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pneumonia, and other pathogenic forms. In addition to these, 
there are many edible mushrooms, and other gill fungi included. 
Some of them, such as certain of the Amanitas^ or toadstools, are 
deadly poisonous. To the above list of fungus plants may also be 
added the stink-hom fungus, the edible morel, corn smut, ring- 
worm, the black knot of plum trees, yeasts, lichens, and slime 
molds. A number of common edible and poisonous fungi are 
shown in Plate XXX. 

The fungi play an important part in nature, contributing their 
beneficial services in a myriad of ways — killing harmful insects, 
serving as food, converting dead wood into utilizable substances 
in the soil, and converting atmospheric nitrogen into soluble 
nitrates which nourish other plants. On the other hand, they 
menace man's existence by producing diseases, destroying his 
crops, and spoiling his food and clothing. There are thousands 
of species of fungi, and among them are to be seen a wide variety 
of reproductive habits which make impossible general statements 
about their propagation. Every college textbook of botany ex- 
plains these. 

There are six principal groups of fungus plants, viz: (1) Bac- 
teria, which are usually microscopic. Many of these are patho- 
genic. (2). Myxomycetes, a controversial group, many of which 
are difficult to establish as either plants or animals. These are 
the slimy, irregular, jelly-like masses frequently seen on dead logs 
in moist woods. The masses are colonies of hundreds of individuals; 
and the aggregations are capable of slow movement, a slimy trail 
revealing the migration of the mass. Some of the slime molds 
are recognized as animals and grouped under the phylum Myce- 
tozoa. (3) PhycomyceteSj which include bread molds, water molds, 
blights, mildews, and black molds. They are sometimes called 
the algae-like fungi. (4) Ascomycetes, or sac fungi, which include 
cup fungi, blue molds, knot fungi, and yeasts. (5) BasidiomyceteSf 
in which many plant diseases such as smuts and wheat rust {Puc- 
dnia grammis)^ and also toadstools and other fleshy gill fungi, 
mushrooms, puff balls, and stink horns, are grouped. The group 
is a very large one and it exhibits a great variety of form, size, 
and structure. Most of them reproduce by spores such as are 
seen in dry puff balls. The belief that the dust from a puff ball 
will cause blindness is not justified. Puff balls sometimes attain 
a diameter of eighteen inches, and most of them are edible when 
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young. (6) Ldchens, of which there are many species. Some of 
them are beautiful in form and color. The lichens grow on the 
trunks of trees, on dead logs, on stumps, and on stones, often 
associated with mosses. 

2. The Bryophytes are the liverworts {Hepaticae) and the mosses 
(Miisci)- They abound in damp places but seldom live in water. 
They may be distinguished from the Thallophytes by their more 
highly specialized reproductive structures. As a rule, Bryophytes 
are small, and most of them lack root structures. The reproduc- 
tive processes are much more complex, involving in many species 
an alternation of generations which need not be discussed here. 

The HepcMcae or liverworts are low-growing creeping plants, 
the bodies of which are oddly shaped, leaf-like structures (thalli) 
which lie flat on the ground, the growing parts becoming anchored 
by thread-like filaments or rhizoids. A number of them are float- 
ing forms such as liicciocarpus and Riccia, which are found in 
ponds. These are pictured in most botany texts. 

The Musci or mosses are chiefly terrestrial, and many of them 
are erect, although a number of species are recumbent. The leaves 
are arranged in spirals around the simplified stem. There are no 
true roots, and the plants are anchored by the filaments or rhizoids. 

There are two main orders of mosses known as: (1) the peat 
or sphagnum mosses (Sphagnales), and (2) the true mosses 
{Bryales). Identification of species is extremely difficult, and 
only fruiting plants are of much value for identification studies. 

3. The Pteridophytes. There is little or no cor' action between 
the mosses and the Pteridophytes, which include ^he ferns, club 
mosses, and horsetails. These plants are conspicuous and abun- 
dant, and the student of nature will w'ant to identify the various 
common ferns and to recognize the club mosses and horsetails. 
The Pteridophytes possess true roots, stems, and leaves, as do 
the seed-bearing plants. However, instead of reproducing by 
seeds, the Pteridophytes produce spores like the preceding groups. 
There are three classes of Pteridophytes, viz: (1) Filicineae or 
ferns; (2) Lycopodineae, the club mosses or ground pines; 
(3) Equisetineae or horsetails. 

The ferns comprise the largest an^ most conspicuous plants in 
the group, and they also constitute the greatest number of species. 
The leaves of ferns are called fronds; and as a rule, they are deeply 
cut, giving the appearance of being compound. The stem is short 
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and it is usually under the ground so that the coiled leaves appear 
to rise directly from the earth. 

The ferns bear no flowers, reproduction being effected by spores 
which are produced in the sporangia contained in the sori, which 
consist of brownish spore cases on the undersides of the leaves of 
fruiting plants. The rusty-colored clusters of spore cases are some- 
times mistaken for diseases. Usually the sporangium is sur- 
rounded by a ring (the annulus) of cells which is so constructed 
that when the spores are ripe the ring contracts like a spring, 
breaking the sporangium and forcibly ejecting the spores. The 
spores are affected by moisture; and each develops into a small, 
thin prothallus (Fig. 212) which is almost heart-shaped and which 
grows flat on the ground, being anchored by hair-like root struc- 
tures or rhizoids. The sexual organs grow on the underside of the 
prothallia and are called archegonia which develop near the notch, 
and antheridia which grow further back among the rhizoids 
(Fig. 212). The sperms (which are motile) are produced in the 
antheridia and fertilize the egg cell in the archegonium. A plant 
called the sporophyte (Fig. 212) is produced, and this gives rise 
to the mature fern. 

There are many kinds of ferns. The most common species con- 
sist of: the sensitive fern, Onoclea sermhilis; the bracken, a com- 
mon Christmas variety; and the rock polypody, Polypodium 
vulgare. • 

The club mosses are not all fern-like in appearance. In many 
of them the leaves are small and closely compacted on the stem, 
giving them a moss-like appearance. Thesti plants are much 
smaller than ferns, being not over six inches high. The spore- 
bearing structures, or sporangia, are borne on the upper surface 
of the leaf. As a rule, these spore-bearing leaves are tall, stout, 
and scale-like; and they are grouped together into a clubbed 
cone or strobilus at the top of a branch, hence their name club 
mosses. 

The horsetails, or scouring rushes, are represented by a single 
genus Equisetum. They are common plants along railroads and 
cinc(er banks. In the common field horsetail, two distinct types' 
of plants are to be seen; and to one who is unfamiliar with the 
fertile and sterile plants, they could easily be mistaken for dif- 
ferent kinds. In the fertile plants the leaves are short; and they 
cling to the stem at their nodes, while the tip of the branch bears 
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the spore-bearing cone. The sterile plant has a spread of long 
thread-like leaves at every node, giving the plant a bushy appear- 
ance. 

4. The Spermatophytes or seed-bearers include all of the 
flowering plants; and of course these are the most spectacular. 
From the appearance of the common Hepatica, which not infre- 
quently raises its daintily colored flower above the last snow of 
the spring, until the bloom of the witch hazel late in the fall, 
there is an interesting succession of flowering plants to attract 
our attention. Following the Hepatica there comes a host of other 
spring flowers, including spring beauty (Claytonia virginica), dog- 
tooth violets {Erythronium americanunty and E. albidum), skunk 
cabbage {Symplocarpus foetidus) , .1 ack-in-the-pul pit (A risaema 
triloba) y trillium, trailing arbutus {Epigaea repens) y and many 
others. These arc followed by azaleas, dandelions, wood betony, 
daisies, St. Johnswort, sunflowers, and the usual contingent of 
summer flowers. As ^he summer wanes, the goldenrods, joe-pye 
weeds {EupQJtorium)y and iroiiweeds {Vernonia) come into bloom, 
with the asters and witch hazel (Hammanielis) blooming until 
late in the fall. 

It is in the kingdom of flowering plants that the science of 
botany had its beginning. In this group, man finds the greater 
supply of his food, timber, and fibrous materials. Flowers have 
also i^layed an important r61e in developing the aesthetic qualities 
of mankind. 

As far [IS vegetative characters are concernc-' the Spermato- 
phytes are rather similar to the Pteridophytes. They exhibit a 
vigorous development of the root, stem, and leaf. The chief char- 
acter which distinguishes the flowering plants from all others is 
the production of the seed, thus introducing a vastly different 
method of reproduction. 

There are two classes of seed plants, and these are called Gymno- 
sperms and Angiosperms, The difference is chiefly the manner in 
which the ovules are borne. In the gymnospermSy or naked seeded 
plants, the ovules are not encased in an ovary; they are freely 
exposed to the air. Pines, firs, and ginkos are gymnos^-ierms. The 
angiosperms have protected seeds a* ovules which are enclosed 
in an ovary. The angiosperms are di\dded into two clearly dif- 
ferentiated groups known as dicotyledons and monocotyledons. 
The Cotyledon is a seed leaf, such,^ the halves of a bean; and as 
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the prefixes di and mono indicate, the differences are merely in 
the number of cotyledons or seed leaves. 

The dicotyledons have, first, a netted venation in the leaf, as 
opposed to the parallel-veined system typical of monocotyledons; 
second, the distribution of the vascular S 3 rstem in a ring or tube 
which separates an internal pith from an outer cortex, while in 
monocotylcKlons the vascular system consists of irregularly scat- 
tered fibro-vascular bundles such as are to be seen in the cross- 
section of a com stalk; third, in the dicotyledons the floral parts 
(petals, sepals, etc.) usually develop in multiples of four or five, 
while in monocotyledons these parts generally occur in multiples 
of three. 

The dicotyledons are generally divided into two groups. The 
first group (Archichlamydede) includes those plants in which the 
calyx and corolla are either poorly developed or in which the 
sepals and petals are separated. The second group {Sympetalde) 
includes the flowering plants which have the petals and sepals 
fused together into a solid, wheel-like or tubular structure as in 
the morning glory and trumpet flower. 

The common orders of dicotyledons include the following, into 
which numerous plant families are grouped. It is hoped that this 
brief classification will assist in placing flowering plants into their 
proper groups. 

DICOTYLEDONS (over 100,000 species) : 

I. In the Archichlamydeae the following orders are found: 

(1) AmerUiferde (oak, beech, walnut, chestnut, alder, hickory, birch, 
willow, poplar). In these the perianth, when present, is scale-like. The 
flowers are dry and chaffy; and they are frequently arranged in a long, 
cone-like ament or catkin. They are mostly wind-pollinated. 

(2) Ranales (buttercup, magnolia, laurel, water lily, tulip tree). In 
these the stamens and carpels are often numerous instead of being re- 
duced to conform to a definite pattern in their arrangement. They are 
usuaUy pollinated by insects. 

(3) Rosales (rose, apple blossom, cherry, peach, saxifrage, locust, wild 
pea, ipd a host of others with conspicuous flowers, together with many 
vegetables). In this group we find many conspicuous flowers which are 
rather regular as a rule. In the legumes, however, irregular, highly 
8pecialized,*butterfly-like, papilionaceous flowers develop. 

(4) UmbeUales (dog woods [shrubs], wild carrot [herbs]). In these the 
flowers are usually small and arranged in compact flat-topped clusters 
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called umbels. Such flowers mark the highest development among the 
Archichlamydeae, 

II. In the Sympetalae^ the most lmp>ortant orders are: 

(1) Ericales (laurel, blueberry, heath — mostly shrubby). The flowers 
of these are intermediate between the Archichlamydeae and the Sympetalae, 

(2) Tvbiflorales (phlox, morning glory, verbena, nightshade, potato, 
tomato, trumpet flower). These are mostly herbaceous, and the corollas 
are conspicuously disc-like to tubular. The corollas are regular in lower 
families but quite irregular in the higher ones. 

(3) RvMales (honeysuckle, madder, buttonbush). In this group the 
flowers occur in compact clusters, and they are constructed on the plan 
of five or four. 

(4) Campanulales (dandelion and all other composites, bellwort, and 
gourd families). Of these the composites are most numerous. The flowers 
are arranged in complex heads which resemble a single flower. The 
flowers near the margin are often different from those at the center of 
the head. The calyx is reduced and becomes a scale-like pappus surmount- 
ing a bixiglc-seeded ovary in the composites. All of these are herbaceous. 

MONOCOTYLEDONS (ovcr 30, (XK) spccics) : 

(1) Glumales (grasses, sedges, cereal grains). In these the small, in- 
conspicuous flowers lack a typical calyx and corolla; and they are arranged 
in clusters. They are mostly wind-pollinated. 

(2) Palmales (palms). The flowers are small and borne in spikes. 

(3) Arales (Jack-in-the-pulpit, skunk cabbage). The leaves of these 
are atypically net-veined. The flowers usually lack a perianth, although 
the skunk cabbage has 4 sepals. They are small and cloistered on a spadix, 
which is enveloped by a large and often brilliantly ( ^ . ^red bract called 
the spathe. 

(4) Liliales (lily, iris, amaryllis, dog-tooth violet). These have well- 
developed bulbs or root stalks. The perianth is very conspicuous. 

(5) Orchidales (lady’s slipper, fringed orchids). These are character- 
ized by their irregularity of form and their spectacular adaptations for 
insect visitation. These and the composites mark the highest development 
of plants. 

Edible and medicinal plants. An interesting and utilitarian 
study of native plants is the classification of them into such 
categories as edible, medicinal, poisonous, and noxious. 

The person is to be pitied who hat spent years tramping through 
the woods and fields without having enjoyed many common 
plants that have edible parts. It is especially valuable to know 
which plants are poisonous to eat or touch and which ones have 
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irritating thorns, hairs, or juices. To chew birch bark or slippery 
elm, and to munch such delicacies as sour grass (Oxalis), water 
cress, mountain tea leaves and berries, wild grapes, huckleberries, 
Pennyroyal leaves, sassafras root, service berries, dew berries, 
wild gooseberries, blackberries, wild strawberries, ripe persim- 
mons, wild cherries, beechnuts, and the host of other tid-bits 
to be found in almost every section of the country, makes the 
walk through the woods so much more enjoyable. 

Then, too, it is sometimes worth while to know what plants 
can be eaten when cooked or otherwise prepared. Dandelion 
greens, young shoots of the pokeweed, chokecherries, bracket 
fungi, mushrooms, puff balls, and numerous others, dependent 
upon the geography of the section, are worth knowing about. 

In every section of the world where plants grow, there are 
many which have been used for ages to cure the ills of the populace. 
Long before the dawn of modern medicine, there were indix^iduals 
who learned the therapeutic values of plants, and those members 
of the tribes assumed the responsibility of ministoring to the ills 
of their fellows. Such individuals still exist among primitive 
peoples, and they are known as medicine men. They treat every- 
thing from snake bite and a broken leg to the toothache and 
insanity. 

Their methods are crude, and in many ways they are ludicrous; 
and yet they have been important factors in the survival of prim- 
itive races. Through them we have learned to know many drugs 
which have contributed much to our own comfort and security. 
Quinine is one of the greatest drugs ever discovered, but it was 
used by Indians long before we ever heard of it. The history of 
quinine is worth knowing. 

In Dutch Guiana the black Djuka tribes who have descended 
from African slaves have developed a remarkable knowledge of 
the therapeutic values of the plants in the New World.. While 
their preparations are crude, they are effective in many cases. 
It was inter^ting to note that the Djukas had even discovered 
an extraction which kept the ticks and mites off their dogs. And 
although their dogs were as pink as newborn babes, they were 
comparatively free from annoying parasites. 

The United States Pharmacopeia is the druggists^ handbook. 
In it are the names of all plants used in medicine. The work is a 
gigantic one, and it is too general and large for student use. How- 
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ever, after the local plants have been studied, they can be checked 
for their medicinal uses. The interesting possibility of such a 
study should not bo overlooked. Many of the plants you see in 
your own district have names which physicians write on their 
prescriptions. Among them are ginseng, lobelia, golden seal 
(Hydrastis), boneset (Eupatorium), peppermint (Mentha), blood 
root (Sanguinaria), wild ginger (Asarum), wild geranium (Gera- 
nium), May apple (Podophyllum), soapwort (Saponaria), valerian, 
camomile (Anihemis), arnica, anise (Osmorhiza), bugbane (Cimici- 
fuga). These and many others arc described and discussed in the 
pertinent literature included in the bibliography attached to this 
chapter. 


The Parts of Plants and Their Functions 

The roots. The root of a plant is one of its principal vegetative 
structures, contributing to its existence in a variety of ways. 
Wiiile me real and vital value of root structures is to extract dis- 
solved mineral foodstuffs and moisture from the soil, the root 
also serves to guy the plant and hold it erect against wind and 
other forces. 

There are also nitrogen-fixing bacteria which cause certain 
roots to produce root tubercles in which the processes of nitrifica- 
tion are effected. From an agricultural standpoint this is most 
important since the nitrogen salts (nitrates) are essential to the 
w-elfare of all ordinary plants; and these salts are among the chief 
constituents of commercial fertilizers. Plants s; ch as cow peas 
and soy beans are planted by farmers and thtii plow’ed under 
wiien the plants are mature, so as to enrich the nitrogen content 
of the soil. 

There are several kinds of roots, such as the fibrous roots of 
grasses and corn, and the tap roots of dandelions, radishes, pars- 
nips, and turnips. In the latter kind, the descending main root 
is the principal stalk or primary root of the plant. In most plants, 
however, there are lateral branches which are in turn branched. 
These branches constitute the secondary root system. Frequently 
the primary root ceases to be the thickest and most conspicuous 
root stalk, and it is lost in the deliquescence of branches. 

In plants having conspicuous primary tap roots, such as the 
radish, the portion of the plant above the ground is low. In plants 
having a much branched root system, such os shrubs and trees, 
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the stem rises to considerable height above the ground; and lateral 
branches of the root are necessary to give the needed rigid sup- 
port and also to increase the area from which to draw foodstuffs 
and moisture. 

While it is generally true that the various root systems need 
certain favorable soil conditions for growth, and that soil deter- 
mines the situations in which certain plants are found, it is also 
evident among plants in general that the limits of adjustment in 
roots are flexible; and any root system will be modified in response 
to changing conditions. For instance, a root will grow deeper in 
dry soil or it will grow toward the source of water. The number 
of root branches may increase in poor soil. In fact, the root may 
grow to such an extent in poor soil that the parts of the plant 
above the ground will suffer. 

While roots are typically subterranean, they are sometimes 
produced along the stem high above the ground, as in climbing 
plants, to add support, or on epiphytes to take nourishment from 
their hosts. Occasionally these roots penetrate the tissues of their 
hosts and kill them. In some of these epiphytic plants, aerial 
roots are produced; and these are capable of extracting nutrient 
matter from the atmosphere by means of a spongy envelope which 
holds the moisture. 

Along tropical rivers on which tides from the ocean produce a 
rise and fa)l of the water level, or in places where there is a seasonal 
variation of the water level, many of the plants which grow in the 
water develop roots high on the stem; and these extend into the 
water when the surface level of the water drops considerably. 

The leaves of some plants are capable of producing roots; and 
many house plants {begonia, geranium, and coleus) can be propa- 
gated by simply planting sections of leaves. The migration of the 
walking fern {Camptosorus rhizophyllus) is effected by roots which 
develop at the tips of mature leaves which bend and touch the 
ground. Not all plants can develop adventitious roots, however. 
The twigs of willows and poplars will grow roots when placed in 
water, but the ability is not possessed by such plants as the oaks, 
hickoftes, and ashes. 

While the root serves the plant in the above capacities, it must 
also be borne in mind that the root is the winter storehouse for 
the sap of the plant. The liquid content of the plant would freeze 
in the frigid temperatures of northern winters and the expansion 



THE STUDY OF PLANTS 


651 


of frozen fluids would completely destroy tlie tissues. As winter 
approaches, there is a transpiration of excess moisture, and the 
concentrated sap descends to the roots which are frequently below 
the frost line. The reader is referred to botany textbooks for the 
details of root structure. 

The root exhibits many interesting adaptive features beyond 
those already described. In many plants the stem dies to the 
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The function of the stem. The stem is one of the most con- 


Fig. 213. Cross section of a stem showing re- 
gions. Courtesy Gen. Biol. Supply Co. 


spicuous parts of many plants. In woody plants it is usually the 
largest part. The stem serves to connect the roots and the leaves; 
and it holds the latter, with the flowers and fruit, up to the sun 
and in such a position as to attract pollinators and seed distribu- 
tors. In addition, the stem conducts water and mineral foodstuffs, 
taken in by the roots, to the upper parts of the plant, and it re- 
turns the food manufactured in tlii leaves to the lower parts of 


the plant where it is used or stored. 

The stem is often highly modified; and it exhibits a wide varia- 
tion in size, shape, and structure according to the kind of plant. 
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In the herbaceous plants it is usually soft in texture and dies back 
to the roots each year. In the shrubs and trees the stems are 
woody, while in such plants as the corn (monocotyledon) the stem 
is quite pithy. While the stem is usually erect, there are many 
plants in which it is recumbent or prostrate (twin flower), lying 
on the ground. In some plants the stem is horizontal underground 
(rhizome) as in Solomon’s seal. In other plants, such as the dan- 
delion, the stem is almost wanting. The bulbs of the onion and 
hyacinth are really stems and the potato is a stem (tuber) in 
which foodstuffs are stored. The sweet potato is a root. 

In many plants such as the ivy, morning glory, bindweed, 
dodder, and the tropical lianas, the stem is very much elongated 
and adapted to climbing. In these plants tendrils and other 
climbing structures are produced along the stem. Not infrequently 
roots are adventitiously produced along the stems of climbing 
plants. 

In water plants the stems are soft and weak due to a lack of 
woody tissues. In these the stems are frec\uently hollow; and 
sometimes, as in seaweeds, they have swollen sacs which give 
them buoyancy. 

The stem shows remarkable adaptive features. One of the 
most interesting modifications is to be seen in the common water 
celery or eel grass (Vallesneria spiralis). In this plant, whicli 
grows completely submerged in large ponds and in lakes, the stem 
is variable in length, according to the dcj)th. When ready to 
bloom, the dainty, pistillate flower is just above the surface of 
the water and exposed to the air. In order to keep the flov;er 
above the water level, the stem is coiled like a spring for part of 
its length, so as to allow for contraction and expansion. In this 
w^ay the flower is adjusted to changes in the water level. 

In desert plants the stems are adapted to the retention of water, 
while in the stems of some plants such as skunk cabbage reserves 
of foodstuffs are stored. These excesses of nutriment are used 
during unfavorable periods. In numerous cases, the stem bears 
thorns, hairs, or spines in order to protect the plant from the 
acti^ties of herbivorous animals, and also to prevent crawling 
insects from ascending to the flowers. In the wild pink or bladder 
campion iSilene cucubalus) each branch of the stem which bears 
flowers has a ring of sticky substance secreted by the stem, bev 
yond which crawling insects cannot pass. The crawling insects 
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are usually smooth-bodied, and they therefore cannot carry 
pollen. Consequently they return no service to the plant for the 
nectar they steal. 

The rise of water in stems is due to capillarity, root pressure, 
the upward pull caused by the cmcentration of sap in the leaf 
cells aided by the transpiration of water from the leaves, and by 
the pull made possible by the cohesive properties of water. 

Further details of stem structure are discussed in the treatise 
on climbing plants. 

The functions cf leaves. Like the roots, the leaves are vegeta- 
tive organs; and i:i them essential foodstuffs are manufactured. 
By the aid of light and the green chlorophyll, photosynthesis 
is effected. Carbon dioxide (CO 2 ) and water (H 2 O) are combined 
into organic compounds such as glucose or grape sugar and starch 
(C^Hi^Ob), which are the basic substances on which animal life 
is ab«!nhitely dependent, either directly or indirectly. Free oxygen 
is liberated in the process, as the following chemical reaction 
indicates: 6 CO 2 + 6 H 2 O CeHi208 + 6 O 2 . 

In addition to the metabolic processes involved in photosynthe- 
sis, the leaf is the center of transpiration; and from it water is 
discharged, although other organs function in this manner also. 
It is said that a good-sized tree may transpire 2000 pounds of 
water on a hot summer day. The evaporation of water is effected 
tnrough the pores or stomata on the back of the leaf. The open- 
ings of these i)ores are regulated by guard cells which respond to 
xhe humidity of the surrounding air. The proce^L of transpiration 
is probably to keep constant the upward flow of sap, and in wooded 
areas it is a factor in temperature regulation. 

The amount of water vapor given, off by a plant depends upon 
several factors. In the tropics where there is considerable rainfall, 
the leaves are frequently very broad, offering a large area from 
which to discharge moisture. A Caladium or ‘‘elephant ear,” 
with its thousands of stomata, must transpire considerable mois- 
ture. In temperate zones where the rainfall is less the leaves are 
not so large, while in desert regions where water is scarce and 
where plants must hold their moisture, the leaves are reduced to 
stem-like structures so as to decrease the area from which water 
vapor can escape. In some plants such as the stonecrop (Sedum 
iernaium) and numerous cacti, the water is stored in the leaf. 

In addition to photosynthesis and the transpiration of water 
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vapor the leaf is also the structure through which considerable 
of the respiration takes place. It has already been suggested that 
respiration in plants is similar to the same procf js in animals, in 
which ^-xygen is taken into the body where it acts upon the carbo- 
hydrates, producing carbon dioxide. Oxygen is taken in through 
the stomata on the leaves as well as through the lenticels. Through 
the same structures carbon dioxide is discharged. However, 
photosynthesis takes place only during the hours of daylight 
while respiration takes place at all times. Therefore no oxygen is 
liberated during the night while carbon dioxide is being released. 
For this reason you have probably heard that it is advisable to 
remove plants from a sickroom at night. In some plants, leaves 
bear distinct glands {Ailanthus glandulosa)^ but these are not 
concerned in respiration, as some people believe. 

Leavrs respond to light intensities and some of them turn their 
edges toward the strong rays of the midday sun in order to reduce 
the area exposed to the heat rays. This reduces the amount of 
water transpired and prevents the loss of too much moisture. 
Leaf movement is still somewhat of a mystery and recent re- 
searches indicate that internal structures called pulvini contribute 
to its effect. A pulvinus is the swollen base of the petiole in legu- 
minous plants. 

As has been stated before, the green of leaves is due to the 
presence of an extremely complex substance called chlorophyll. 
In the fall when the food substances are withdrawn from the 
leaves the sap descends to the roots; the leaves die, and the chlo- 
rophyll disintegrates. The color of autumn foliage is dominantly 
yellow with its complements, although red and other pigments 
are revealed when the chlorophyll is broken up. Analysis shows 
th?+ chlorophyll contains a mixture of pigments chlorophyll a 
and chlorophyll 6, both of which are chemically complex. In 
addition to chlorophyll there are other pigments present; these 
are mainly xanthophyll and carotin, both yellow pigments, and 
cyanophyll, a blue pigment. Cyanophyll is dissolved sap color. 
The DQ^xture of blue and yellow produces green. The leaf color 
can be obtained by placing crushed leaves in warm alcohol. When 
a light oil such as benzene, pure gasoline, or xylene is added to 
extracted leaf color (which is chiefly chlorophyll), under proper 
conditions, it breaks up into blue end yellow. However, the other 
pigments are present in varying quantities according to the species 
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of plant; and the constituency of the leaf color determines the 
coloration of autumn leaves. Sumac, which turns to a scarlet in 
the fall, contains an abundance of a red pigment called antho- 
cyanin which is also dissolved in the sap. Both cyanophyll and 
anthocyanin are affected by the chemical nature of the soil. In 
an acid medium, cyanophyll is blue and anthocyanin is red. When 
an alkaline condition is produced, cyanophyll turns red and 



Fig. 214. Seed dispersal. Courtesy Gen. Biol. Supply Co. 


anthocyanin becomes blue. The acidity or »!' alinity implied is 
largely a matter of internal metabolic procecAses in the plants 
themselves, however, although certain metallic substances in the 
soil may alter the coloration of flowers. For instance, aluminum 
is known to affect the color of Hydrangea. A pink hydrangea 
will bear blue flowers if a soluble aluminum compound (alum) is 
planted in the soil. The coloration of autumn foliage is therefore 
a matter of chlorophyll decomposition which reveals the pigments 
present, and not the direct effect of frost, as many people suppose. 

Leaves assume many shapes in the various plants. They may 
be sharp and needle-like, as in pines and spruces; scale-like as in 
arbor-vitae, or they may be broad and flat as in most plants. The 
margin or edge may be smooth or entire (laurel), wavy (oak), 
singly toothed (linden), doubly toothed (elm), or deeply indented 
to form lobes (maple). They may be simple (oak, elm) or com- 
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pound (buckeye, locust), and they may be persistent or deciduous. 
The types of leaves are shown in the chapter on trees. In ever- 
greens, the leaves are not all shed simultaneously in the fall; but 
most of them cling to the plant during ail seasons and are shed 
singly. In deciduous plants such as most maples, all the leaves 
drop off when the plant prepares for winter. 

Leaves are always arranged in a mosaic so as to allow the sun- 
light to reach all of them more uniformly. They also exhibit many 
curious modifications which will be discussed under plant adap- 
tations. 

Flowers. Most persons pay attention only to the plants that 
bear flowers and to these only while they are blooming. What is 
more, only the conspicuously colored and fragrant flowering 
plants receive much attention, as a rule. 

Flowers are the highly specialized reproductive structures of 
many plants and they exhibit spectacular modifications for achiev- 
ing their purpose. Since many flowers depend upon agents of one 
kind or another for receiving and transferring pollen, the charac- 
ters of them are extremely variable. Those flowers which depend 
upon wind and water for cross-pollination are usually incon- 
spicuous and often pass notice. The flowers that depend upon 
crawling insects are also more or less inconspicuous because they 
are close to the ground and often concealed between the axils of 
leaves or hidden by grasses and other plants. But among those 
flowers which rely upon some active flying visitor to carry pollen 
from one plant to another, we find the brilliantly colored and 
highly odorous flowers which usually grow in very prominent 
places. 

In the latter group there are remarkable devices for attracting 
welcome visitors and for excluding unwelcome ones, and there is 
also a unique assortment of structural methods of insuring that 
the flower profits by the visit. 

To fully appreciate the numerous adaptive features of flowers 
it is necessary to become familiar with certain details of floral 
structure. The flower is composed of the following parts (Fig. 
215) : (1^ The stalk or 'peduncle which bears all of the other struc- 
tures and which is enlarged at the apical end into a hollow recep- 
tacle. The body of the flower rests in the receptacle. (2) The 
calyx consists of green floral leaves or sepals which surround the 
corolla and which may or may not be fused together to form 
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cup. (3) The corolla, within the calyx, consisting of foliaceous 
structures called 'petals which are frequently brilliantly colored 
and usually fragrant. The number of petals is usually the same 
as the number of sepals. The petals, too, may be fused together 
to form a tubular corolla, although they are usually separated. 

(4) The stamens, which are the pollen-bearing structures, consist 
of a slender stalk or filament which supports the pollen-bearing 
anther located at the extremity of the filament. The stamens 
are usually separate and ar- 
ranged in a circle as are the 
sepals and petals. Occasion- 
ally the stamens are partially 
fused together either at the 
filaments or at the anthers. 

(5) Pistils which bear the seeds 
and in which fertilization takes 
place. The pistil consists of 
an ovary which, when ripened, 
is the fruit of the plant. In it 
are the seeds which are some- 
times naked and sometimes 
enclosed (gymnosperms and 
angiosperms). In addition to the ovary the pistil has a slender 
style which connects the ovary with the stigma located at the 
top of the pistil. The stigma is usually roughened and sticky. 
It receives the pollen grains which adhere t it, and the moist 
stigmatic secretions surround the pollen grains and nourish them 
until the grains extend long tubes down through the style to the 
ovary where they fertilize the ovules or seeds. The pollen tubes 
enter the seeds through the tiny openings or micropyles. The 
ovules are attached to the ovaiy by thread-like placentae. The 
process is more complex than indicated here, involving tube cells 
and generative cells in the pollen grains, and complex fertiliza- 
tion that is truly sexual. The stamens may be likened to male 
reproductive organs and the pistils to female organs. The pro- 
duction of the pollen tube may be observed by sprinkling some 
pollen on the surface of sugar water or diluted molasses in a glass 
or test tube. 

The flower does not always possess a corolla and a calyx. When 
one is absent, it is usually the corolla; and in such cases the calyx 



Fig. 215. The parts of a flower. 
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often assumes brilliant colors. Some flowers have both pistils 
and stamens. Others passess only one set of reproductive struc- 
tures, and they are therefore either pistillate or staminate. Some 
plants bear both pistillate and staminate flowers (monoecious), 
while in other species only one type of flower is produced on an 
individual plant (dioecious). 

There are many kinds of flowers. Some of them occur singly 
while others are borne in clusters of various shapes and constnic- 
tioiL The arrangement of flowers on the plant is known as inflo- 
rescence. The solitary flowers may occur singly on stems rising 
directly from the ground, or they may be borne in the axil between 
two leaves. The clusters usually include flowers which are reduced 
in size, while solitary flowers are frequently large. 

The kinds of clusters are important (Plates XXXI, XXXII), 
and a knowledge of them assists greatly in identifying plants. 
There are six common types of flower clusters; viz: (1) the raceme 
in which the inflorescence has a long axis and the individual 
flowers are each borne on a stalk of uniform length, as in the 
hyacinth and lily of the valley; (2) the spike which is similar to 
the raceme except that the flowers are seated on the stem and lack 
the pedicels, as in the hollyhock and plantain; (3) the corymb 
which is a flat-topped cluster produced by pedicels of unequal 
length attached to a fairly long axis, as in the yarrow and candy- 
tuft; (4) the head in which the axis is short, with the individual 
flowers sessile, producing a roundish cluster, such as the button- 
bush, sycamore, dandelion, and clover; (5) the panicle which is 
a compound raceme and is characteristic of many grasses; (6) the 
umhd in which the axis is short and the individual flowers are 
borne on pedicels of equal length producing the well-known 
cluster of wild carrot or Queen Anne^s lace. There are several 
modifications of these typical clusters. Inflorescence is the manner 
in which flowers bloom. There are two principal types of inflores- 
cence. When the first flowers to open are those on the inside of a 
cluster or at the tip, the inflorescence is determinate. The reverse, 
or the Ij^ooming of the outer or lower flower first, constitutes inde- 
terminate inflorescence. The wild carrot and the hollyhock illus- 
trate the latter. 

Bright colors and distinct odors have been developed to catch 
the attention of flying insects, and nectar glands are present to 
induce an intimate visit. Sometimes the petals have stripes on 
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Plate XXVII. Common wild flowers and plants. 
Courtesy Dr. £. M. Gress. 
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them which serve as guide lines to direct the visitor to the nectar 
glands. These glands are alwas^ strategically located at the base 
of the flower so that in order to reach them the insect must force 
its way past the pollen-bearing anthers and the sticky stigma 
of the pistil. Fljdng insects are usually hairy-bodied and the 
grains of pollen adhere to their legs and bodies when they leave 
the flower. In reaching the nectar glands of another flower, the 
insect brushes past the stigma of the ovary; and some of the 
pollen grains rub off and adhere to the stigma, thus effecting cross- 
ferrilization. The anthers or pollen boxes are diverse. Some of 
them spiit open lengthwise when the pollen is ripe; and as a rule 
the anther is loosely borne so that at the slightest disturbance 
the pollen shakes out. Thus as an insect pushes past the anther 
it discharges poilen upon it. The openings of the anthers may 
consist of valves which open like a trapdoor when the pollen is 
ripe. In many plants the pollen completely covers the anther. 
The pollen does not always occur in the form of a powder, how- 
ever. In the milkweed it is borne in small, flattened, angular clips 
called pollinia (Fig. 218). The angles of the pollen clips extend 
upward; and as the insects ci;awl about over the flowers, the 
claws get caught in the clips. The insect jerks its leg, and the clip 
of pollen pulls out and dangles from the foot. Insects captured in 
fields where the milkweed is in bloom almost invariably have the 
pollen clips on their feet. When the insect alights on another 
flower, the* clip drops off; thus cross-fertilization is effected. 
Strangely enough, some insects such as the large blue bottle flies 
and a few native butterflies get caught and are held prisoners 
until they die. This is due to the fact that the milkweed is not a 
native American plant, having been imported from Europe or 
Asia; and native insects, being unfamiliar (?) with its method of 
pollination, get their feet caught and cannot extricate themselves. 
There is nothing purposive in thte method of entrapping insects 
by the plant. In fact, when the insect gets caught it defeats the 
purpose of the plant because the pollen cannot then be trans- 
ported to another plant. 

Whila many powers can be pollinated by a number of insects, 
there is often a specific relationship between, the flower and a 
particular kind of insect, such as between the bumble bee and 
red clover, and between some flowers with deep corollas and moths 
with long, sucking tubes. It has already been suggested that one 
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of the most highly specialized relations between an insect and a 
flower is that of the pronuba moth and the yucca plant. A little, 
white, tineid moth, Pronuba yuccasella, scrapes pollen from the 
anther and shapes it into a pellet with the front legs. The pellet 
is carried to the stigma where the female inserts a long, flexible 
ovipositor into the ovary and lays a long, slender egg beside several 
of the ovules. After laying the egg, she ascends the pistil and 
thrusts pollen into the tube of the stigma and packs it in firmly. 
The ovules develop into seeds, some of which are consumed by 



A. B. 

Fig. 216. Two American plants that capture A. Sundew; 

B. Venus’ Flytrap. Courtesy Gen. Biol. Sup y Co. 


the larva which hatches from the egg. When the moth is not 
present, the yucca does not produce seeds. I'he exact purpose of 
this relationship is not known since the moth itself does not feed 
and therefore derives no benefit from the flower. Both the plant 
and the insect have become highly modified for this apparent 
absolute interdependence. 

In the iris or blue flag, the drooping sepals form a passageway 
to the nectar glands (Fig. 219). Above the entrance to the flower 
and pointing outward is the stigma which resembles a movable 
lip. As the bee enters, it touche, this projecting stigma vrhich 
bends downward and scrapes pollen from the back of the insect 
and then springs back in place. The long overhanging anther 
bends downward as the bee enters; and the hairy back of the bee 
scrapes pollen from the anther when it backs out of the flower. 



Arrowhead (SagiUaria latifolium) 


Turk's Cap Lily {JALium superbum) 



^ ' 



Laurel {Kdlmia latifolia) 


Chicory {Chicorium intyhus) 


Plate XXVllI. Common wild flowers. Courtesy Dr. E. M. Cress. 
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Some plants increase the certainty of pollen distribution by 
having mechanical devices of various sorts. In the barberry the 
stamens are spread, and they lie with the anthers resting on 
the petals. The pistil is the most convenient landing spot; and 
when an insect alights on the flower and inserts its proboscis 
into the nectar glands, the stamens spontaneously fold over it 
making it necessary for the visi- 
tor to push its way out through 
an entanglement of powdery an- 
thers. 

In mountain laurel, Kalmia^ 
there are little, colored pockets 
in the corolla. Within these 

pockets the anthers are held 217 . Dimorphic flowers of 

until an insect enters the flower. Chinese primrose. A. Flower with 

The disturbance caused by the with stamens at- 

• .1 .1 j tached low in the tube of the 

visitor rele^ the anthers, and ^ flower with short style 

the spring-like filament violently and with stamens in the throat of 
snaps upward and showers the corolla. From Sinnott, Botany^ 
insect with pollen. McGraw-HiU Book Co. 

Cross-fertilization seems to be vitally necessary, and flowers 
have developed diverse ways to prevent self-fertilization. In 
some of them only pistils or stamens are present. In those flowers 
where both pistils and stamens are present, they are either ar- 
ranged so that the pollen from the stamens camiot be transferred 
to or fall upon the stigma, or the pistils and amens mature at 
different times. This latter method is much itie more common 



and effective because when the stamens are ripe, the pistil has not 
developed sufficiently to receive the pollen; while in other flowers 
of the same species the rii)ening process is reversed so that the 
stigma can receive pollen from another flower when the stamens 
of the same flower have not sufficiently developed. 

In many cases dimorphic flowers are produced. In these plants 
two kinds of flowers are present; and they are constructed so that 
the points where the anther and stigma touch the body of the 
insect are reversed, with the result that the pollen of one is likely 
to reach the stigma of the other ,Fig. 217). 

In addition to providing for the certain transference and recep- 
tion of pollen carried by insect visitors, flowers provide conven- 
iences which make the visit of the insect more comfortable. In 
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the papilumaceoiLs flowers such as snapdragons and legumes, the 
lower lip is extended to provide a convenient landing place. The 
colors, odors, and nectar glands also attract unwelcome visitors 
which render no service to the flower. To exclude these, there 
are many devices which effectively prevent their entrance. Most 
of the unwelcome visitors are crawling insects such as ants. These 
are, as a rule, smooth-bodied, since projecting hairs on their bodies 
would impede their progress among the grasses and d4bris on the 
ground. Pollen will not adhere to the smooth-bodied insects; and 
hence their visit to the flower would not result in any benefit 
to the plant, since they would effect no cross-pollination. In order 
to keep out these smooth-bodied robbers whose presence is unde- 
sirable, the flowers are sometimes borne so loosely on the peduncle 
that when the insect reaches the flower, it drops or sways and the 
insect cannot mount it. Hairs on the stem, bracts, and other 
devices which have already been mentioned also help to keep 
crawling insects from ascending the plant. In papilionaceous 
flowers there is usually a tuft of hairs in the throat of the corolla 
which serve as an effective barrier and beyond which the crawling 
insect cannot pass. 

It has been suggested that some plants depend upon the windb 
for disseminating pollen. The flowers of these plants usually lack 
the attractive features characteristic of insect-pollinated plants. 
The corn grows to a remarkable height in a short time, rising 
above all other annuals in order to raise its tassel-like flower to an 
elevation where it is exposed to the breezes upon which it depends 
to scatter its pollen. Because the wind is necessary, it is imper- 
ative that the plant rise above its fellows; and as a result the corn 
grows higher in a single season than any other annual. Its rapid 
growth is made possible by the endogenous character of its stem. 
Grasses and cereals likewise grow in huge masses where the wind- 
carried pollen can be distributed among them. Their flowers are 
also inconspicuous. 

Night-blooming flowers usually depend upon night-flying in- 
sects for effecting cross-fertilization. These flowers are, as a rule, 
white Ar light yellow so as to be easily visible in the darkness, and 
they generally have fragrant odors. Many of them remain closed 
during the and some of them shed their fragrance only after 
the sun sets. 

It is advantageous to keep the ripened pollen dry; for when it 
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becomes wet the grains adhere together in a sticky mass. To 
provide against such conditions most flowers drop their heads 
during a rain and raise them again when the sun comes out. Many 
of them, such as thistles, fold their petals over the pollen during 
rains to keep it dry. The poor man's weather glass and numerous 
others are affected by humidity and they simply close up before 
it rains. The day-blooming flowers either droop or close at night 
so that the settling dew will not wet the pollen. 

A knowledge of flower structure, combined with the principles 
involved in bright coloration and insect visitation, make it pos- 
sible for the observer to ‘‘read the palm'' and gaze into the inner 
secrets of flowers in such a w^ay that the philosophy of nature 
can be pretty well understood. 

Adaptations in Plants 

Protective devices in plants. Since plants are usually sessile 
organisms and remain fixed in one place, they must be equipped 
to withstand all sorts of hardships and to protect themselves from 
many destructive agents. Some plants, such as trees and shrubs, 
must endure wider variations of environmental conditions than 
do animals. Some animals can hibernate for long unfavorable 
periods. Others construct warm, cozy nests in which they can 
take refuge from storms, cold, or intense heat. Some species can 
burrow below the frost line in the ground in frigid weather; and 
most desert animals burrow or seek the shelter of a plant when 
the sun's rays become too intense. The bin > and a few other 
animals migrate to more favorable localities in times of stress. 
But the plant can do none of these. No matter what the condi- 
tions are, it remains immobile and must take what comes or 
perish. 

Myriads of animals devour all or parts of plants; and in order 
to survive the many dangers tc which they are exposed plants 
have developed a host of protective devices which contribute to 
their safety. 

Sometimes the leaves and stem are covered with fine hairs 
which not only reduce the evaporation of water but which also 
serve to prevent their being eaten by caterpillars and other phy- 
tophagous creatures {Verhdscfum thapsis). In the nettle there are 
stinging hairs which produce an uncomfortable irritation when 
handled with the bare hands. 




Common Blue Violet 
(Vio 2 a 2Xipi2ionacea) . spring 


Squirrel Com {JHcenlra cava- 
densia), early spring 



Fire Pink {Silene virginica)^ early Jewel Weed or Touch-Me-Not, 

« summer {Jmpatiena pallida) , early summer 



Pl^te XXIX. Common wild flowers. Courtesy 
Dr. E. M. Gress. 
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Thorns, spines, poisons, and offensive odors are all defensive 
structures or processes by which the safety of some plants is 
assured. There is no doubt that the spines on the stems of the 
thistle, cacti, wild rose, thorn apple {Crataegus) , greenbriar; on 
the leaf margins of holly; and on the midrib of the Jimson weed 
(^Datura) and horse nettle are valuable means of protection. The 
offensive odor of skunk cabbage and the poisonous substances in 
laurel, bitter nightshade, ivy, poison sumac, and other plants 
certainly add to the security of these plants. 

Carnivorous plants. While it is the general rule that animals 
devour plants, the process is sometimes reversed; and animals 
fall victims to the voracious activities of plants. There are num- 
bers of plants which have developed unique devices for capturing 
animals on which they feed. 

The common pitcher plant {Sarracenia 'purpurea) has large, 
hoJIow leaves shaped like a pitcher. These leaves are brightly 
colored with yellowish-green and purple, and the cavities become 
partly filled with water during rains. Curious insects, probably 
attracted by the colors or seeking refuge from light or enemies, 
tumble into these miiiiature reservoirs and cannot escape because 
the inner surface is lined with downward-pointing hairs which 
prevent egress. The unfortunate creatures therefore die and decay. 
The plant absorbs the substances resulting from the disintegra- 
tion of the insect bodies. In many such plants there are protein- 
digesting enzymes which assist in nutrifying the plants. Rtcher 
plants grow in swampy sections. One speciee of frog rests near 
the leaves of pitcher plants and captures ins»?cts which enter. 
Spiders, too, utilize the cavities in the leaves for placing their 
webs, while several kinds of aquatic insects undergo their meta- 
morphoses in the water in the leaves. 

Another insect-catching plant is the sundew {Drosera), of which 
several species are to be found in the northern United States and 
Canada (Fig. 216). It usually grows in bogs and swamps in rather 
inconspicuous places. In summer the sundew sends up a slender 
stalk which bears numerous small white flowers. The red leaves 
which surround the base of the flower stalk are rounded and about 
one-half inch in diameter. The upper surface of a leaf is covered 
with numerous hairs which are short in the middle of the leaf but 
of increasing length toward the margin. These hairs are glan- 
dular, producing a sticky liquid which collects on the ends of the 




Plate XXX. Some common fungi. 1. Caprinus airametarius (edible); 
2. Amanita phaUoidea (deadly poisonous); 3. Pleurotus oatreatus (edible); 
4. Agaricua campeatria (edible); 5. CoUyhia ap. (edible); 6. The edible morel 
(MorcheUa eacuienta); 7. Maraamiua oreadea (edible); 8 . PaathyreUa dia- 
eminata (edible); 9. Amanita muacaria (poisonous); 10. Hydnum erinaceum 
(edible). After Patton and Charles, courtesy U. S. Dept. Agric. 
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hairs; and they are knobbed at the ends. The glistening of these 
drops of liquid in the sun accounts for the name sundew. When 
an insect alights on a leaf, it sticks fast; and the surrounding hairs 
bend toward the captured victim until many of them are in con- 
tact with its body. The protein-digesting enzymes are secreted, 
and the insect is prepared for absorption. After the insect has 
been digested, the secretion of enzymes ceases; and the hairs 
return to their normal upright positions. Strangely enough, 
inorganic substances do 
not stimulate the secre- 
tion of the digesting fluid. 

Venus' flytrap (Dio- 
nma muscipula) 
small plant that 
in the Carolinas 
216). This plant 
rosette of leaves, 
each leaf has at its ter- 
minal end two oval- 
shaped lobes which are 
hinged together at the 
midrib. The margins of 
the lobes i covered 
with numerous sharp 
teeth. On each lobe there are several very sensitive hairs. When 
an insect touches one of these hairs, the lobes dose suddenly like 
a trap; and the marginal teeth interlock in such a way as to pre- 
vent escape. The victim is held prisoner in the folded leaf until 
its body is completely digested, after which the trap opens again, 
ready for another unfortunate visitor. 

The bladderwort {Utricularia) is a widely distributed inhab- 
itant of ditches, ponds, and bogs. There are several species of 
bladderworts, most of which are truly aquatic. On the submerged 
leaves of the bladderwort there are numerous small sacs or blad- 
ders. The bladders are open at one end, and there is a valve-like 
Ud with downward-pointing bristles at the entrance. When a 
small insect or larva swims int(> the bladder, it cannot escape. 
The captured victims contribute to the nutrition of the plants. 

One of the butterworts {Pinguicula vulgaris) ^ vrhich grows on 
wet limestone in the extreme northern sections of the United States 


Fig. 218. The milkweed flower. 1. External 
aspect of fissure; 2. Single flower; 3. PolUnia. 
c. Corolla; d. Disk (enlarged); f. Fissure lead- 
ing up to disk and also into stigmatic chamber; 
h. Hood. P>om Folsom and Wardle, En- 
tomologijf courtesy P. Blakiston’s Son & Co. 
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and Canada, is a small plant with a rosette of entire, spatulate 
leaves which are soft and fleshy. The upper surface of the leaf is 

covered with glandular hairs to which 
insects adhere as in sundew. How- 
ever, the hairs are not motile; but 
the edges of the leaf bend inward so 
as to bring many of the hairs into 
contact with the insect. 

There are numerous insect-catch- 
ing plants throughout the world; and 
Charles Darwin's book called Insec-- 
tivorom Plants is well worth reading. 

Seed dispersal. One of the chief 
objectives of every living organism 
seems to be the general distribution 
of its kind. The advantage to the or- 
ganism in having its progeny scat- 
tered over a wide area is obvious. 
In addition to increasing the area 
from which to draw sustenance and 
thus offering opportunities for a 
greater number of individuals, a gen- 
eral distribution of a species safe- 
guards its security and perpetuity 
in other ways. A wide range re- 
moves some individuals from the danger of epidemics, fire, and 
other catastrophes, which are usually limited to a localized sec- 
tion. 

Animals effect this distribution by migration, parasitic habits 
and in other ways. Just as animals utilize wind, water, and other 
organisms in their efforts to effect a wide distribution of species, 
the plants, too, have resorted to ingenuous methods of utilizing 
these agencies for effecting a distribution of their kinds. Many 
plants produce seeds which have tufts of hair attached to them, 
and these tufts serve as balloons and add to their buoyancy. The 
wind t&nsports these seeds sometimes for hundreds of miles. 
The milkweed, wild lettuce, goldenrod, dandelion, aster, cotton- 
wood, willow) and scores of other plants distribute their progeny 
in this way. The seeds of the elm, maple, ash, ailanthus, cedar, 
birch, hemlock, pines, linden or basswood, and numerous others 



Fig. 219. Section illustrating 
cross pollination of the iris. 
an. Anther; L Stigmatic lip; 
n. Nectary; Sepal. After Fol- 
som and Wardle, Entomology, 
courtesy P. Blakiston’s Son & Co. 
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have winged attachments which also adapt them for wind distri- 
bution. The tumble weeds, Russian thistle, fire grass, and old- 
witch grass develop a rounded form. In the fall the plant breaks 
off near the top and rolls over the ground when blown by the 
wind. As it bumps along the contacts with the ground shake out 
the seeds, thus effecting an efficient dispersal. Such plants usually 
grow on wind-swept prairie lands. The swollen, air-filled, bladder- 
like fruits of ironwood, ground cherry, and bladder nut are also 
adapted to wind distribution. 

In addition to these methods for effecting dispersal, many 
plants have their seeds equipped with spines or hooks; and they 
utilize animal carriers. Probably all of us have assisted plants in 
their efforts to spread their kind. Spanish needles, sand burs, 
cockle burs, beggar’s ticks, hound’s tongue, burs of docks, and 
seeds of sweet anise are adhesive and cling to the coats of animals 
or to clothing and in this way are carried to places far from the 
parent plants. Some plants even have sticky seeds, such as pinks 
(SUene), chickweed (Cerastium), and twin flower (Linnaea). 
Other plants bear their seeds in capsules which explode when 
ripe, and the violence of the opening pod throws the seeds to a 
considerable distance from the plant on which they are borne. 
Among these are the common snapdragons, violet, geranium, 
squirting cucumber, wild touch-me-nots or jewel weeds (/m- 
patiens), oxalis, and witch hazel. The fern and some fungi, like- 
wise, violently discharge their spores. The witch hazel {Ham- 
mamelis virginiana) presents a remarkable example of how the 
directive forces in nature provide for the survival of nature’s 
progeny. The witch hazel bears its yellow flowers late in the fall. 
These flowers do not produce ripened seeds imtil the second year. 
Consequently, both flowers and seed pods are borne on the plant 
at the same time. After the surrounding deciduous plants have 
shed their leaves, the fruits mature; and the pods burst with such 
violence that the tiny, black, shining seeds are thrown for con- 
siderable distances. The fact that the plant does not shoot out 
its seed|^until the other plants have lost their leaves is significant. 
The tin^g of the bursting fruits to the period when the masses 
of foliage, which would certainly impede the progress of the shoot- 
ing seeds, haVe been removed, certainly illustrates the wonders 
of nature’s plan. In the legumes such as vetch, the halves of the 
pod in which the seeds are produced suddenly split apart and curl. 
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The curling is spontaneous and throws the seeds away from the 
plants. In the tropical jungles, the bursting pods of some of these 
explosive fruits is so violent that a report resembling a pistol 
shot is produced. Some adaptations to dispersal are shown in 
Fig. 214. 

The violent discharge of seeds is effected by both chemical and 
physical factors in a number of ways. (1) In ferns the action is 
hygroscopic. A ring of dead tissue, the annulus, suddenly springs 
back and releases the spores when the atmospheric humidity 
reaches the proper point. (2) Certain fungi propel their spores 
when a sudden chemical conversion of glycogen into maltase 
produces a turgescence. The increase of turgidity is also respon- 
sible for the discharge of the seeds in the squirting cucumber 
{Ecballium), Oxalis, and Impatiens. (3) In some dry fruits the 
seeds are discharged by the drying of the capsule which splits 
open. Among these are violets, mosses, pinks, geraniums, witch 
hazel, mustard, and lotus. (4) Certain fruits are known as mor- 
tars, inasmuch as the seeds are so situated as to be forcibly cata- 
pulted as from mortars, when the stem is sharply bent. Most 
of the composites, borages, and mints have their achenes or 
nutlets placed in the calyx. 

Plants which have none of these devices must resort to other 
methods of dispersal. The berries and aggregate fruits — black- 
berry, blueberry, wild strawberry, wild grapes — have the seeds 
enclosed in fleshy, edible masses which are devoured by roaming 
animals. These seeds, being protected by an indigestible testa, 
pass through the alimentary tract without being digested and are 
later deposited in the fecal discharge of the animal, frequently 
far from the mother plant. Migrating (flying) birds are respon- 
sible for the distribution of many plants in this manner. The 
box huckleberry, for instance, has been found growing in central 
Pennsylvania, far from its native habitat, having been trans- 
ported by migrating birds. Many water plants are distributed by 
migrating waterfowl. 

The apple, thorn apple, June berry, persimmon, pawpaw, and 
stone fruits such as cherries and plums have developed fragrant, 
attractively colored, and edible fleshy portions around the seeds 
which attract animals. These fruits are carried away; the fleshy 
portion is eaten; and the seeds are cast off. In this way distribu- 
tion is effected. 




Plate XXXI. Types of Flowers. 1. Sweet gum (staminjite heads); 2. 
Sweet gum (a pistillate head); 3. Common locust (a drooping raceme); 
4. Striped maple (a drooping staminate raceme) ; 5. Striped maple (a droop- 
ing pistillate raceme); 6. Red maple (staminate fascicles); 7. lied maple (pis- 
tillate fascicles); 8. Basswood (a droc ag cyme); 9. Flowering dogwood (a 
dense cluster); 10. White ash (a staminaic panicle); 11. White ash (a pistillate 
panicle); 12. Rhododendron (a single flower); 13. Wild black cherry (a 
raceme); 14. Button wo(k1 (a head). From Illick, Pennsylvania TreeSf courtesy 
Penn. Dept. Forests and Waters. 
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Many noxious species of plants are to be found growing among 
kinds that are cultivated and harvested. The seeds of the undesir- 
ables are distributed with these, although seed assortment has 
reduced this to a minimum in recent years. The writer found the 
Mexican dock {Rumez mexicanus) growing in western Pennsyl- 
vania. Investigation showed that the field where the dock was 
found had been planted some years before with alfalfa seed that 
had been shipped in from the Imperial valley in California. Quite 
frequently along railroad sidings where cars of grain from distant 
places are unloaded a number of exotic species of plants may be 
found growing. The seeds of these have been imported with the 
grains. 

The acorns of oaks and other seeds lacking special stnictures 
for transportation depend upon the activities of animals such as 
squirrels for assisting in distribution. While squirrels dig up 
many of the nuts they bury, they also forget many of them ; and 
the buried seeds germinate. This type of distribution is rather 
slow in comparison with the rapid dispersal of plants like the 
milkweed. Man himself has been a powerful factor in the distri- 
bution of plants as well as their insect parasites. The impervious, 
sac-like fruits of sedges and water lilies, and the mat-like covering 
of the coconut are adapted to floating in water. The only native 
coconuts in the United States grew from fruits which were washed 
ashore by ocean waves. The mangroves of the African west coast 
and the east coast of South America are identical, the floating 
fruits having been disseminated by ocean currents. Quite fre- 
quently in every part of the world the high flood level is marked 
with rows of plants, the seeds of which have been deposited by 
the water. 

Climbing plants. Many plants which lack a sturdy woody stem 
utilize plants and other objects for support in their efforts to reach 
the sunlight or to secure sustenance from other strata. 

The most spectacular climbing plants are the lianas of tropical 
countries. These lack the mechanical tissues necessary to keep 
them in*&n upright position; and they must, therefore, use other 
plants in order to display their foliage properly. Lianas may 
cling tightly to the host or they may hang loosely from the lower 
branches of the giant trees on which the larger plants depend for 
support. 

The most specialized lianas are twiners, and most of these 




Plate XXXIT. Flowers and Flower Arrangement. 1. White pine (stami- 
nate cluster); 2. White pine (two pistillate); 3. Willow (staminate ament); 
4. Willow (pistillate ament); 5. Walnut (staminate ament); 6. Walnut (a 
pistillate flower); 7. Hickory (staminate ament); 8. Hickory (a pistillate 
flower); 9. Birch (staminate ament); 10. Birch (a pistillate ament); 11. Beech 
(a staminate head); 12. Beech (two pistillate flowers); 13. Chestnut (a stami- 
nate ament); 14. Chestnut (a pistillate ament); 15. White oak (four stami- 
nate aments); 16. White oak (a pistillat'> flower); 17. Elm (tln-ee clusters of 
incomplete flowers); 18. Mulberry (astan. nate spike); 19. Mulberry (a dense 
pistillate spike); 20. Tulip tree (a complete flower); 21. Papaw (a complete 
flower). From Illick, Pennsylvania Trees, courtesy Penn. Dept. Forests and 
Waters. 
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twine in a counterclockwise direction. The bean (Phaseolus), 
bittersweet (Celdstrus) , moonseed {Menispermum), and the bitter 
nightshade {Solarium duhamara) are common examples. However, 
the hop (Humulus) and the bindweed {Polygonum) twine in a 
clockwise direction. 

A number of plants produce tendrils which are sensitive to 
contact with objects. Tendrils are usually modified organs such 
as branches or leaves. The coils produced have a spring-like effect; 
and when the wind blows hard the coiled tendril stretches and 
contracts so as to reduce the danger of detachment or breaking 
of the stem. Common plants that produce tendrils include the 
clematis, which uses the stalks of the leaflets; the pea, in which 
the tendrils arc modified leaflets; the smilax in which the tendrils 
are in the position of stipules which are normally absent in mono- 
cotyledons; the grape, where the tendrils are modified branches: 
and the squash, whose tendrils are probably leaves and shoots. 

However, many plants, such as ivy and the Virginia creeper, 
produce adventitious roots along the stem; and these roots serve 
to hold the plant in position. Still other plants must be classed 
as leaners, having no specialized climbing structures; and th(\se 
grow in such a way as to support themselves by purchase or by 
spines, as rose bushes and blackberries. Some plants, like the 
dodder, are parasitic; and they climb over the host plants to secure 
sustenance.. The parasites produce houstonia, or sucking organs, 
which are modified roots. These organs serve the dual purpose of 
ingestion and climbing. 

Epiphytic and parasitic plants. There are many plants which 
grow upon others but which do not climb. These are called epi- 
phytes. As a rule, they merely utilize other plants as a means of 
reaching light and breezes. In the tropics these are extremely 
abundant, and they assist in forming a thick and dense roof in 
the jungles. The most prominent of these are lianas, orchids, 
caladiums, figs, and bromeliads in the tropical regions. 

However, Spanish moss, mistletoe, mosses, lichens, and some 
ferns grow on the trunks and branches of trees and shrubs. Many 
epiphytes are independent, securing their sustenance from the 
air or from the debris which collects in their tangled roots. Others, 
like the fig, mistletoe, and Spanish moss, are partly parasitic and 
derive considerable of their nutrient from their hosts; while many 
plants are entirely parasitic, securing all of their nourishment at 
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duced by the hessian fly, the chrysanthemum stem gall produced 
by a gall midge, and the galls produced by the grape phylloxera on 
the stems, roots, and leaves of grapes are sometimes very destruc- 
tive. 

An excessive growth of galls is made at the expense of the health 
and fruit of the plant which supports them, but on the whole galls 
do not seriously menace mankind. In fact, many galls have been 
used for ages in making ink, dyes, and medicines, and in tanning 
and tattooing. They have also been used as charms by many races 
of people. Many birds such as goldfinches, chickadees, and wood- 
peckers find the galls excellent sources of food. 

To the naturalist, the gall provides an interesting study in animal 
association. When a green gall is cut open, a number of creatures 
are usually found in it. Since there are several or many inhabitants 
in the gall, it is sometimes difficult to determine which one is the 
maker, in addition to the gall-maker there may be parasites and 
diverse ** squatters^’ which find in the gall an excellent shelter. 
Sometimes spiders, ants, ladybird beetle larvae, and other animals 
which are definitely known not to form galls are found within them. 
The larvae of ichneumon flies, braconid wasps, and chalcid flies 
which are parasitic on the other inhabitants of the gall are also 
frequently found. The spiders and beetle larvae are there to devour 
any victims they can find, while the ants are probably attracted by 
the honey dew secreted by the aphids which are frequently in the 
gall association. Sometimes old galls, from which * . e makers have 
emerged, are used as homes and shelter by other animals. The 
mason bee is known to nest occasionally in deserted ‘^oak apples.'' 

It has been suggested that galls are formed by diverse animals, 
including insects. The insects represented include the following 
orders: 

(1) Homoptera (aphids or plant lice). These live in open galls 
since they cannot open closed galls. As a rule, the gall aphids live 
in pouches or little pocket-like structures lined with hairs and 
provided with slits or other openings. The rosettes or bunch galls 
in the apices of plants are usually produced by aphids which live 
in the curled or otherwise distorted K ves. The jumping plant lice 
{Chermidae) also produce galls occasionally. 

(2) Ilymeiiopiera (gall wiusps and sawflies). The gall wasps 
{Cynipidae) are the chief gall formers, and they are responsible for a 
great number of closed galls. The sawflies (Tenthredinidae)^ which 




Plate XXXVI 


1. Goldenrod bunch gall on Canada goldenrod {Solidago canadensis). Maker— 

a gall midge {Hhopalomyia solidaginis) . a. Top of a stalk with a bunch gall; 

b. Longitudinal section showing the cavity. 

2. Elliptical goldenrod gall on Canada goldenrod {Solidago canadensis). 

Maker — a moth {Gnorischema gaUaesolidaginis) . a. External view of the 
gall; b. Opened gall showing the cavity. 

3. Grape filbert gall on frost grape {Vitis vulpina). Maker — a gall midge (Schi^ 

zomym coryloides). a. Twig with a cluster of galls; b. Detailed view of a gall; 

c. Longitudinal section showing cavities. 

4. Wild cherry bud gall {Pruntia serotina). Maker — a gall midge {Cecidomyia 

serotina^). a. Twig with a gall; b. Longitudinal section of a gall showing 
the cavity. 

5. Ash bullet gall on white ash (Fraxinus americana). Maker — a gall midge 

{Ceddomym pdlex). a. Upper surface of leaflet with three galls; b. Under 
surface of leaflet with three galls; c. Vertical section showing the cavity. 

6. Small pocket galls on several willows (glaucous willow — Salix discolor and 

white willow — S. alha). Maker — a gall mite {Eriophyes sp.). o. Galled leaves 
Kji gl»*nrous willow; b. Galled leaves of white willow. 

7. Dimple galls on poison ivy leaves (Rhus toxicodendron). Maker — a gall mite 

{Eriophyes rkois). a. Galled le^; b. Vertical section showing the hairs 
within the depression. 

8. Leaf galls on the buttonbush {Cephalanthus occidentalis) . Maker — a gall mite 

{Eriophyes cephnlanthi). a. Upper surface of galled leaf; b. Galls on the 
under surface of the leaf; c. Vertical section showing the hairs lining the 
depression. 

9. Margined leaf blister galls on dogwood (silky dogwood or kinnikinnik — Cornus 

Amomum). Maker — a gall midge {Lasioptera corni). a. Twig w'ith galled 
leaves; b. Vertical section showing the cavity. 

10. Woody vein gall on northern red oak {Quercua borealis). Maker — probably a 

gall wasp. a. Leaf w'ith several galls; b. Detailed view of a gall; c. View 
with the top sliced off showing cavities. 

11. Blueberry leaf gall on high blueberry {Vaednium corymbosum) . Maker — a gall 

midge {Dasyneura gaylussadi). a. Twig with severu’i galled leaves; b. De- 
tailed view showing two galls; c. Opened gall showin*' he cavity. 

12. Wild cherry pouch gall {Prunus serotina). Galled leave- . Maker — a gall mite 

{Eriophyes pedi). 

13. Grape tomato gall on frost grape {VUis vulpina). Maker — a gall midge {Lasi~ 

optcra vUis). a. Twig with numerous galls; b. Se'^-tion showing the cavity. 

14. Maple twig gall on red maple {Acer riibrum). External appearance of a gall. 

Maker — a beetle {Xylotrechus aceris). 

15. Fusiform vein gall on oak leaves of red oak {Quercus rubra). Leaf with several 

galls. 

16. Rose lentil gall {Rosa Carolina). Maker — a gall wasp {Rhodites lenticular^). 

a. Upper surface of a gulled leaf; b. Lower surface of a galled leaf; c. Ver- 
tical section of confluent galls showing their cavities. 

17. Grape apple gall on summer grape {Vitis bicolor). Maker — a gall midge {Schi- 

zomyia pomiim). a. Twig w’ith a gall; b. Appearance of a gall from above; 
c. Vertical section showing cavities. 
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Plate XXXVII 


1. Subglobular leaf galls on trembling aspen {Populus tremuloides) . Maker — a 

gall midge, a. Upper surface of a leaf showing galls with openings; b. Under 
surface with galls; c. Longitudinal section showing the cavity. 

2. Basal leaf gall on trembling aspen {Populua iremuloidea) . Maker — a gall midge. 

a. Upper surface showing openings of the gall; b. Under surface showing the 
gall; c. Longitudinal section showing cavities. 

3. Ribbed petiole gall on aspen (PopultLa trernuloidea) . Maker — a moth {Ectoe- 

demm poptUdla). a. Leaves with galls; b. Longitudinal section showing the 
cavity. 

4. Translucent oak gall on red oak (Quercita rubra). Maker — a gall wasp {AmphU- 

bolipa nutrUipennia) . a. Leaf with a gall; b. Longitudinal section showing 
larval cells and openings. 

6. Rod leaf galls on crack willow {Salix framlia). Maker — a sawfly {Pontania 
hyalina). a. Galled leaves; b. Detailed view. 

6. Gall of the elder stem midge (SafnbiLcua canadenaia). Maker — a gall midge 

{Neolaaiofdera aambu^). a. External view of the gall; b. Longitudinal sec- 
tion showing the cavities; c. Cross section showing the cavities. 

7. Small pocket galls on black willow (Salix nigra). Maker — a gall mite (Eriophyea 

ap.) a. Galled leaves; b. Detailed view. 

8. Marginal leaf fold on western cottonwoods (Populua deltoidca). Maker — 

probably a moth. a. Under surface of a leaf with two folds; b. Upper sur- 
face of a leaf with two folds; c. Upper surface with a fold spread open to show 
the larva within. 

9. Oak pill gall on pin oak {Quercua palualria). Maker — a gall midge Wincticornia 

(?)]. a. Under surface of a leaf with two galls; b. Detailed view of up- 
per surface. 

10. Oak leaf blister galls on red oak (Quercua IforeaHs and Q. vclutina). Maker — a 

gall midge (probably (Hnclicornia aimpla). a. Upper surface of galled leaf; 

b. Low'er surface with galls; c. Old galls w'ith their tops broken off; d. De- 
tailed view of gall from above; e. Longitudinal section. 

11. Axillary bud gall on black oak (Quercua vclutina). Maker — probably a gall 

wasp. a. Twig with several galls; b. Detailed view of two galls. 

12. Apical twig galls on red oak (Quercua rubra). Maker — a gall wasp (Andricua 

scitulua). a. External appearance; b. Longitudinal section showing cavities. 

13. Gouty oak gall on northern red oak (Quercua borcalia). Maker — a gall wasp 

(Andricua punctalus). a. External appearance of a gall; b. External view 
showing large openings; c. Longitudinal section showing cavities. 

14. Spiny rose gall (lioaa Carolina). Maker — ^a gall wasp (Hhodites bicolor), a. Twig 

with a cluster of galls; b. Detailed view of a gall; c. Opened gall shownng 
the cavity within. 

15. Large spongy oak apple on northern red oak (Quercua calia). Maker — a gall 

wasp (Amphibolips conjlucna). a. External appearai* of a gall; b. Opened 
gall showing spongy material inside; c. Larval cell sr.owing thick wall and 
larva within. 

16. Large empty oak apple on red oak (Quercua rubra). Maker — a gall wasp (Am- 

phibolipa inania). a. External appearance of the gall; b. Opened gall show- 
ing the larval cell supported by fibers; c. Detailed view’ of larval cell. 

17. Poplar tw’ig gall (Populus ddtoidca). Maker — a Ijcctle (Saperda jwpulnea), 

a. Externar appearance showing the opening; b. Longitudinal section show- 
ing the cavity. 

18. Midrib and petiole gall on red oak (Quercua rubra). Maker — a gall wasp 

(probably CaUirhyiis nigrae or C. tumifica). a. Leaves with galls; b. Vertical 
section showing cavities. 

19. Pocket galls on leaves of American elm (Ulmua americana). Maker — a gall mite 

(Erwphyf^s ulmi). a. Galled leaf; b. Detailed view of several galls. 

20. Marginal fold gall on northern red oak (Quercua borcalia) and pin oak (Q. 

palustris). A leaf with a numlwr of galls. 

21. Willow pea gall on glaucous willow (Salix discolor). Maker —a sawfly (Pon~ 

tania /naum). a. Gall on a leaf; b. ? ongitudinal section showing the cavity; 

c. Detailed view. 
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Plate XXXVIII 


1. Succulent oak Kail on pin oak (Quercua paluslris). Maker — a sail wasp (Dry- 

ophanta /talnstris). a. Leaf with a gall; b. Cross section showing the free 
larval cell within the cavity. 

2. Small Fusiform oak leaf g*'ill on pin oak {Quercus paluatris). Maker — a gall 

wasp {Dry ophanta notha). a. Leaf w'ith a gall; b. Gall with the top removed 
showing the free spindle shaped larval cell within. 

3. Small oak apple on northern red oak {Querciis horenlis). Maker — a gall wasp 

{Andricua sinyularia) . a. Leaf with a gall; b. Detailed view’ of a gall; 
c. Opened gall showing the larval cell supported by fibers. 

4. Rose blister gall {Itoaa Carolina). Maker — a gall wasp {Rkoditea roaaefolii). 

a. Galled leaf; b. Vertical section showing the cavity. 

6. Small apical or axillary rosette gall on goldenrod (Canada goldenrod — Solidayo 
canadensis) . Maker — a gall midge (possibly Rhopalomyia Carolina), a. Top 
of a stalk with three galls; b. Longitudinal section of a gall showing the 
cavity. 

6. Poplar stem gall {Populus deUoidea). Maker — an aphid {Pemphigus populi- 

caulis). a. Upper surface of a leaf w’ith a gall; b. Under surface of a leaf 
showing the spiral opening; c. Cross section show’ing the cavity. 

7 Globular rose leaf gall {Hosa Carolina). Maker — a gall wasp (probably Rhoddes 
nehulosis). a. Galled leaf; b. Detailed view; c. Longitudinal section show'ing 
the cavity. 

a. Maigiiial leaf roil on locust {Robinia Pseudo Acacia). A leaf with several galled 
leaflets. Maker — a gall midge {Obolodiplosis rolriniai). 

9. Wooly leaf gall on northern red oak {Quercus hor(alis). Maker — probably the 
gall w’asp {Callirhytis lanata). a. Leaf with several galls; b. Detailed view; 
c. Some of the hairs removed to show the larval cell. 

10. Case-making moth gall of the grape on frost grape {Vitis mdpina). Maker — 

a moth. a. Leaf w’ith numerous galls; b. Detailed view’ of a gall. 

11. Button bush tw’ig gall {Cephalanlhus occidentnlis) . Maker — possibly the gall 

midge {Rhabdophaga ccphalanlki). a. Twig with a gull; b. Longitudinal 
section showing the cavity. 

12. Bluelierry stem gall on high blueberry {Vaccinium corymhosum). Maker~a 

gall w’asp {Solcnozopheria vaccinii). a. Twig showing a fresh gall; b. Vertical 
section of a fresh gall .show’ing the cavities; c. External appearance of an 
old gall; d. Vertical section of an old gall show’ing the cavities. 

13. Red-spotted empty oak apple on red oak {Qverrus rubra,. Maker — a gall w’asp 

{Dryophanta rubrac). a. External appearance of *'•*? gall; b. Opened gall 
showing the larval cell supported by fibers; c. Gall » mailer size. 

14. Goldenrod ball gall on Canada goldenrod {Holidago canw * nsis). Maker — a gall 

fly {Enrosta solidaginis) . a. External view of a gall; b. Vertical section 
show’ing the solid material within. 

15. Long rose gall {Rosa Carolina). Maker — a gall w.*sp {Rhodites dichlocerus) . 

a. Twig with a gall; b. Longitudinal section show’ing cavities; c. Cross sec- 
tion show’ing cavities. 

16. Willow appile gall on beaked wrillow {Salix roatrata). Maker — a sawfly (Pon- 

tania iKJtnum). a. Under surface of a leaf with two galls; b. Under surface 
of a leaf with four galls; c. Upper surface of a leaf with four galls; d. Longi- 
tudinal section showing the cavity. 

17. Poplar petiole gall {Populus dcUoidcs). Maker — a moth {Pcjnphigua popu- 

litranavcrsus). a. Leaf with a gall; b. Cross section showing the cavity. 

18. Vagabond poplnr gall {Populus deltoides). A twig with a gall. Maker — an 

aphid {Pemphigus vagabutidus) . 
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lay their eggs in the stems of plants by inserting their homy 
ovipositors into them, also produce galls such as the willow pea 
gall on the glaucus willow {Salix discolor), 

(3) LHptera (gall midges). These two-winged flies vie with the 
Cynipidae for honors in producing the greater number of galls. 
The marginal leaf roll on the locust and numerous others are 
produced by gall midges. 

(4) Lepidoptera (caterpillars). While most caterpillars are leaf- 
eaters, a few of them produce galls on the host plants. The very 
common elliptical swellings on the stems of goldenrods are pro- 
duced by a moth larva, Gnorischema gallae-solidaginis. The ribbed 
petiole gall on the petioles of the trembling and large-toothed 
aspens are also produced by a moth caterpillar, Ectodemia populella. 

(5) Coleoptera (beetles). Most beetles have chewing mouth 
parts, and many of them devour the bodies of plants. The injury 
done by their feeding frequently produces galls on the plants which 
they eat. The swellings on the stems of blackberries are produced 
by the feeding activities of the red-necked cane borer, Agriliis 
ruficollis. A similar swelling on the raspberry is the work of the 
raspberry cane girdler, Oberea bimaculata. The longhorn beetle, 
Saperda, causes swellings on the stems of poplars. 

For a list of common galls and their formers, see Plates XXXVI,, 
XXXVII, XXXVIII. 
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CHAPTER XXI 


THE STUDY OF TREES 

Charactkrs by Which Trees Are Identified 

In the study of trees there are numerous characters by which 
individual identities are established. The principal characters are: 
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Fig. 222. The growth of trees. After Illick, Pennsylvania Trees, courtesy 
Penn. Dept. Forests and Waters. 


form or outline, stem, bark, twists, leaf scars, leaves, flowers, and 
fruits. However, only two or turee of these characteristics are 
necessary for placing the identity of any single species. 

The outline. The first thing to be noticed about a tree is its 
outline or sUhouette (Plates XXXIII, XXXIV, and XXXV). The 
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evergreens are readily identified as such by their distinct conical 
shape. Under normal conditions each species conforms to a definite 
outline although this may be greatly modified by pruning, crowd- 
ing, injury by winds, and by exposure. The American elm is 
wedge- or fan-shaped; the silver maple is broadly cylindrical; the 
Norway maple is roundish; the pines, spruces, and hemlocks are 
conical; and the lombardy poplar is a narrow, cylindrical shaft, 
tapering slightly toward the apex. 

The stem. The trunk or stem is also characteristic, as a rule. In 
the evergreens the main stem or trunk extends from the ground to 
the tip as a tapering, unbranched bole. Usually the branches 
radiate from the stem in whorls. A trunk of this character is called 
excurrent. In most of the other trees the trunk begins to branch at 
some distance above the ground, and the main stem is lost in a 
multiplicity of smaller branches. Such a trunk is called deliquescent, 
since the main stem melts away into numerous small branches. 
The different species show many modifications of the splitting of 
the main trunk, as will be seen later. 

The bark. The bark is an almost unmistakable feature in many 
trees (Plates XXXV and XXXIX). Its color and topography, as 
well as the manner in which it is shed, are frequently marks of identi- 
fication. The knooth, whitish bark of the elm; the white, paper-like 
bark on the white birch; the dark and light greenish-yellow mark- 
ings of the sycamore which give the bark a mottled appearance; 
the thin, smooth, chestnut brown covering of the birch and cherry, 
which peels off in narrow horizontal strips; and the yellowish-green 
bark of the willows suggest the value of bark color notation in 
remembering trees. The Carolina poplar has ashy gray bark with 
deep longitudinal fissures; the shagbark hickory sheds its bark in 
very long, rectangular strips which become loose at the bottom and 
peel upward; the ash has a bark with medium fissures which are 
diamond-shaped; the silver maple has a dark brown bark which is 
shed in small, rectangular strips which become loose at both ends 
and curl outward until they drop off. When the strips are pulled 
off, a cinnamon red color is revealed at the place of attachment; in 
pines anct spruces the bark is scaly; in the black gum the bark is 
broken up into small, rectangular blocks, giving it the appearance 
of alligator hide; the bark of the white cedar is split into shreds. 
There are many other bark characters such as inner color, depth 
of furrows, direction of the fissures, and especially the texture and 
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color of the bark on the younger branches. Age effects marked 
changes in many of these characters. 

Leaf scars. On many trees, the scars left by the falling leaves 
are large and conspicuous. On many others, while the scars are 
small, they are unique; and they are of great assistance in estab- 
lishing identities, especially in winter when the leaves, flowers, and 
fruits which are the ordinary means of determining identities are 
absent. The leaf scars indicate the manner in which leaves are 
borne; they may be round, oval, elliptical, ovoid, heart-shaped, 
shield-shaped, crescent-shaped, lobed, or triangular. The leaf 
scar also shows the position of the vascular bimdles which formed 
the connection between the leaf and the branch. These appear as 
corky dots on the leaf scar. Through these bundles the interchange 
of foodstuffs between the leaf and twig is effected. The scars are 
especially prominent on the buckeye, catalpa, button wood, 
ailanthus, walnut, ash, and poplar trees. 

Leaves. To the average person leaves are of primary importance 
in tree identification. The functions and some of the characters of 
leaves have already been discussed. In considering leaves from the 
standpoint of their being of value in the establishing of identities, 
a number of characters must be kept in mind. 

Leaves are either simple or compound (Fig. 223). Simple loaves 
have blades which are united into one piece regardless of the e.\tent 
to which the margins may be cut in. Compound leaves are com- 
posed of a number of smaller leaflets attached to the main stem. 
Compound leaves may have all of the leaflets originate in one place 
as in the buckeye (palmately compound), or the leaflets may be 
scattered along the main stem or petiole as in the locust (pinnately 
compound). Sometimes the leaf may be doubly compounded; that 
is, having the main stem branched, with the branches bearing 
leaflets, as is the case in the Kentucky coffee tree and ailanthus. 

In pinnately compound leaves there may be a single terminal 
leaflet, as in the common locust; or the terminus may have two 
leaflets, as in the honey locust. 

The point at which a leaf is attached to the stem is called a node. 
The arrangement of leaves is of great importance. Leaves may be 
alternate (1 at a node), opposite (2 at a node), or whorled (3 or more 
at a node). The shape is perhaps the usual leaf character used by 
most people. It has already been suggested that leaves may be 
needle-like, awl-like, scale-like, or broad and flat. Of the latter 
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Fig. 223. Leaf characters. From ’ick, Pennsylvania Irees^ courtesy 
Penn. Dept. Forests and Waters. 
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there are many variations in size, shape, and texture. The base and 
apexes also show wide and important variations in different species 
(Fig. 223). 

The maigin or edge serves also to place the leaf properly. It may 
be toothed doubly, singly, coarsely, or finely; or it may be wavy, 
lobedf or smooth. Sometimes the venation is a distinguishing 
(^^re (Fig. 223). 

' s'lnie stem or petiole of the leaf often exhibits outstanding fca- 
^mes. In the Carolina poplar the stem is laterally compressed. In 
'^'ihe Norway maple it contains an acrid, milky sap. In other cases 
the petiole may be enlarged and hollow or clasping at the base; or it 
may be circular, heart-shaped, fiat, or triangular in cross-sectional 
outline. 

Flowers. During limited seasons, fiowers arc often easy and un- 
mistakable features of trees. As a general rule, the fiowers of trees 
are not conspicuous, although there are some exceptions. Some 
trees bear their fiowers early in the spring before the leaves have 
appeared or fully developed. Others bloom late in the spring or in 
early summer. The witch hazel does not get its fiowers until late 
in the fall. In early spring the service berry or June berry {Arm- 
lanchier) bursts into bloom; and its showy white fiowers produce a 
prominent, polka-dot effect on the wooded hillsides. Then the 
maples with their diminutive blossoms cast a reddish sheen upon 
the roof of the forest. There follows a beautiful succession of 
floral displays including the dogwoods, lindens, alders, hazelnuts, 
wild cherries, willows, chestnut, cottonwood, ailanthus, wild crab- 
apple, and fruit trees. 

The buckeye, catalpa, sumac, umbrella tree, magnolia, wild 
orabapple, June berry, hawthorn, locust, mountain ash, and tulip 
tree are especialLy noted for their showy fiowers. 

The fruit The fruit is the ripened ovary; and when this is 
edible, it is frequently the only means by which many people can 
identify a tree (Fig. 226). However, the fruit is occasionally the 
surest means of establishing correct identities. This is especially 
true of tlw oaks and hickories. 

There are many forms of fruits. Usually they are classified as 
dry and fleshy, but there are many variations within these two 
groups. Dry fruits are those which lack fiesh or pulp and are 
represented by acorns, maple, and ash seeds. Fleshy fruits include 
plums, cherries, apples, persimmons, haws, papaws, and berries. 
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Some fruits split open along definite lines to discharge seeds. 
These are called dehiscent fruits. The fieshy fruits do not open and 



Fig. 224. Types of leaf scars and bundle scars. 1. Tulip tree; 2. Catalpa; 
3. American hornbeam; 4, Sassafras; 5. Persimmon; 6. Maple; 7. Poplar; 
8. Red mulberry; 9. Buttonwood; 10. Chestnut; 11. Walnut; 12. Basswood; 
13. Birch; 14. Box elder; 15. Papaw; 16. Horse chestnut; 17. Dwarf su- 
mac; 17a. Stagliorn sumac; 18. Hercules' club; 19. Sour-wood; 20. Ken- 
tucky coffee tree; 21. Ash. From lllick, Pennsylvania Trees, courtesy Penn. 
Dept. Forests and Waters. 

are said to be indehiscent. Dry i*ruits may be either dehiscent or 
indehiscent. 

The commonly recognized types of fruits include the following: 
the pome, such as apples and haws; the drupe, which may be com- 
pound as the hedge apple or osage orange, or single as the choke- 
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cherry, hackberry, or sassafras; the nvi^ as the acorn, beechnut, 
hickory, basswood, and walnut; the samara, represented by the 
seeds of elm, ailanthus, ash, and maple; the follicle, such as laurel, 
magnolia, and umbrella tree; the capsvle, of aspen, willow, sweet 
gum; the cone, of pines, spruces, tulip tree; the legume, such as the 
pods of locust, redbud, and Kentucky coffee tree; and the collective 
or aggregate fruits such as the mulberry. Some of these types are 
shown in Fig. 226. 

A study of fruits will reveal that on those plants which depend 
upon animals for the distribution of their seeds, the fruits are 



Fig. 225. Types of pith. 1. Black walnut (chambered pith); 2. Birch 
(semicircular or irregular pith); 3. Elm (circular pith); 4. Black alder (tri- 
angular pith);' 5. Oak (star-shaped pith); 6. Sumac (large pith); 7. Sassafras 
(medium-sized pith); 8. Common locust (angular pith). From Illick, Penn- 
sylmnia Trees, courtesy Penn. Dept. Forests and Waters. 

usually attractively colored, fragrant, and provided with desirable 
and edible fleshy material. These qualities attract the agents of 
dissemination. The wind-distributed fruits usually lack conspic- 
uousness. 

The fruits of dogwood, viburnum, hawthorn, mountain ash, 
chokecherry, bittersweet, persimmon, etc., are aromatic and 
brightly colored. They are especially relished by birds. 

The mild, edible fruits include black walnut, hickory nut, beech- 
nut, basswood, hazelnut, chinquapin, chestnut, horse chestnut, 
persimmon, papaw, haw, service or June berry, mulberry, and pine 
seeds {Piny on). 

Twigs. The twigs are the terminal parts of the branches, and 
they represent the portion of the branch that grew in the last 
season. The branching may be alternate, opposite, or whorled. 
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The taste, odor, and color of twigs are sometimes valuable in fixing 
identities. A single experience with the taste and odor of the black 
birch, wild cherry, spice bush, or sassafras will substantiate this 
statement. The red color of the red maple and basswood twig; the 
green color of the sassafras; and the brown color of the sugar maple 
twigs are also characteristic and will help in their determination. 

Twigs may be rough or smooth according to the number and 
character of hairs, lenticels, and leaf scars present on them. The 
pith may also be of value in tree studies by noting its outline and 
quantity in the cross-section of the twig. In conifers the pith is 
rather uniform in structure, outline, and color; but in the broad- 
leaved trees it is quite variable. In most trees the quantity of 
pith in the twig is small, but in some of them such as the elder, 
sumac, and sassafras, it is quite large. The outline of pith in cross- 
section may be five-angled or star-shaped as in the oak, chestnut, 
and aspen. It is triangular in the alder and in some birches; ovoid 
in the basswood; circular in the elm; and angular in the locust. 
In the walnut, butternut, and blackberry, the pith is chambered. 
The pith of the shad-bush is greenish; in the sugar maple it is white; 
in the red maple it is pinkish; in the striped maple and sumac it is 
brown. Some cross-sections are shown in Fig. 225. 

Tree Values 

There are many benefits derived from trees; anyone could 
without much effort mention quite a number of • values. These 
values may be aesthetic or economic. The beauty, of the landscape 
is most apparent in Avooded sections. Without trees a city, a 
mountain side, a stream, or a home presents a bleak appearance. 
The shade contributes much to comfort, and the trees themselves 
provide homes and shelter for birds and other animals. Park and 
city planning commissions spend considerable sums for planting 
and taking care of trees which add so much to the beauty and 
comfort of cities and to^vns. In addition, trees serve as windbreaks 
and regulators of temperature and rainfall. They prevent floods 
and drouths by holding the w^ater in the soil, and (hey shelter 
numerous other smaller plants sucl is ferns and w-ild flowrers w’hich 
require the moist, shaded conditions provided by trees. The soil is 
greatly enriched by decaying leaves and branches. 

For generations, trees have appealed to the aesthetic side of 
man; and many beautiful poems and essays have been inspired by 
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Fig. 226. Types of fruit. 1. White pine (cone); 2. White pine (winged 
speed); 3. Willow (capsules); 4. Willow (winged seed); 5. Trembling aspen 
(capsules); 6. Trembling aspen (winged seed); 7. Black walnut (nut with 
indehiscent husk); 8. Hickory (nut with dehiscent husk); 9. American horn- 
beam (nut with three-lobed bract); 10. American hop hornbeam (nut in- 
closed in bladder-like bract); 11. Black birch (membranous strobile) ; 12. Black 
alder (woody strobile); 13. Beech (nut with prickly bur); 14. Chestnut (nut 
with spiny bur); 15. Red oak (immature acorn); 16. Red oak (mature acorn); 
17. Red mulberry (aggregate fruit). From Illick, Pennsylvania Trees , cour- 
tesy Penn. Dept. Forests and Waters. 

them. 4^ide from the more obscure benefits derived from trees, 
there are material and economic phases which, make trees very 
valuable assets. 

Lumber is im almost indispensable necessity, and it is used in a 
thousand ways. Furniture, houses, matches, pencils, ships, sporting 
implements, conveyances, and, as someone has said, '^almost 


THE STUDY OF TREES 


609 


everything from cradle to coflSn" is made from wood. In addition, 
artificial silk, paper, rope, dyes, map?e sugar, turpentine, gum 
arabic, pitch, medicines of many kinds, charcoal and other fuel, 
fruits, nuts, edible roots and bark, alcohol, tannic acid used in 
curing leather, and a host of other valuable products are obtained 
from trees. The lumber industry has associated with it numerous 
other industries such as tanning, furniture-making, paper-making, 
and many others which provide a livelihood for thousands of per- 
sons. Hunting, fishing, camping, swimming, picnicking, and boat- 
ing are a few of the recreational features made possible by the 
forest. Without them there would be few birds and wild animals. 
When we stop to consider the disastrous effects of deforestation, 
resulting in dust storms, drouths, and floods, we realize just how 
important trees really are. The floods and famines which have 
been so serious in China for many years are due largely to do- 
^oiG;:ta.tion. China was long known as the treeless country, but a 
vast program of reforestation is in progress at the present time. 
Without lumber and the other products of trees, life would be 
considerably less comfortable. 

Agents that destroy trees. There are many agencies which 
destroy trees. Some of them are subtle and invisible, while others 
are flagrantly perceptible. Wind, snow, floods, and lightning do 
considerable damage to trees; and not much can be done to pre- 
vent these destructive effects. However, there are many agents of 
destruction that man can control to a considerable extent. Fire is 
the most rapid destroyer of forests; thousand* >f acres of forests 
may be destroyed in a few hours. Even in young forests where the 
trees average only twenty years in age, the destruction of 200 acres 
on which there is an average of 150 trees to the acre means the loss 
of six hundred thousand vears of growth when this area is burned. 
Since the average forest fire consumes forests in which the trees are 
older and more dense, many millions of years of growth are de- 
stroyed in a short time. Man is the worst offender in starting forest 
fires. Careless campers and picnickers who fail to extinguish their 
fires, and persons who throw lighted matches, cigarettes, and 
cigars into the brush or leaves ar*' responsible for most forest fires. 
Locomotives were at one time responsible for many fires; but in 
recent years they are equipp)ed with cinder screens, and the right 
of way is kept cleared of growth so as to minimize the danger of 
fires. 
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Injudicious methods of forest removal have been an important 
factor in destroying woodlands which cannot be replaced within the 
lives of a generation. This form of destruction has also been con- 
trolled in recent years by government supervision and by the study 
of ways to remove timber with less injury and without completely 
destroying the forests. 

Insects constitute one of the truly great destructive forces over 
which man has little control, although nursery production and 
sensible planting are reducing to some extent the ravages. Insects 
destroy the roots, leaves, stems, flowers, and fruits of trees. The 
list of destructive species is a long one, and they exact a tremendous 
toll. Parasitic plants and fungi are also responsible for much 
damage. The chestnut blight, white pine blister disease, the elm 
disease, and a host of others are at the present time jeopardizing 
some of our most valuable species of trees. Quarantine restrictions 
which prohibit the transportation of trees from one country to 
another and from one section of the country to another have been 
established too late to save many species. 

Some birds render a little damage, but this is slight. Domestic 
animals such as cattle, goats, sheep, and hogs; and some wild 
animals such as deer, porcupines, squirrels, beavers, mice, and 
rabbits also do considerable damage at times. 

While the pioneers failed to comprehend the results of their 
depredations in the forests, and although there are today a few 
people who have no respect for the woodlands and their safety, 
the world is nevertheless forest-minded. The present generation 
as a whole is desirous of preserving the forests, and the average 
person is careful not to endanger them. This is shown by the re- 
markable achievements in reforestation by state and federal 
governments. The splendid results obtained could not have 
been accomplished without public cooperation. However, eternal 
vigilance will be necessary to curb the activities of careless and 
malicious individuals who have no respect for the rights of others 
and whose activities may deny to future generations the joys and 
blessinifs which forests bestow. 

The uses of woods. It has been stated that the uses of wood are 
many; we shall not attempt to list all of them here. However, these 
uses may be' classified in investigative studies of a most interesting 
sort. Have you ever wondered what kinds of wood are used in 
making paper, cigar boxes, furniture, flooring, wagon and auto- 
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mobile wheels, matches, pencils, and the host of other commodities 
which we use every day? Cedar chests; orange sticks; walnut, 
oak, maple, and mahogany furniture; pianos; radio cabinets; and 
many others are familiar; they suggest the adaptability of the 
various woods to different uses. 

In sports alone many kinds of woods are used in different ways. 
Baseball bats, oars, and tennis racquets are made of ash, as a rule. 
Golf clubs generally have hickory handles. Matches are made of 
white pine which is soft and contains an inflammable pitch. Tlie 
handles of hoes, rakes, sliov(;ls, and forks are made of ash; it is also 
used for making butter tubs, ladders, and airplane frames. Bass- 
wood or linden is used for boxes, drawer slides, wooden ware, 
picture frames, and musical instruments. Beech is used largely in 
building operations, esi)ecially for flooring; laundry machinery; 
lard tubs; washboards; and for vehicle parts. Birch, because it 
td.ke?5 a fine finish, is used for doors and interior woodwork. It is 
also used for car construction, musical instruments, novelties, 
spools, and bobbins. Veneers and oils arc obtained from the twigs 
of birch. The buckeye, on account of its light weight, is used for 
making packing cfxses and artificial limbs. Cedar is commonly 
used for making shingles, although much is used for fence posts and 
telegraj^h polos. Red cedar is used for making lead pencils, chests, 
interior linings of closets, boats, coffins, electrical appliances, and 
professional instruments. Cigar boxes are made from Spanish 
cedar, as a rule. Cherry is used extensively i' ' • fixtures because 
it does not warp. It also makes excellent fun.uure and interior 
trimmings. Sometimes cherry is used in making cigar boxes. 
Clock cases, guitars, the backs of hair brushes and clothes brushes, 
school desks, scientific instruments, and printing and electrotyping 
accessories are usually made of cherry. Chestnut is one of the 
finest North American woods. It was formerly used extensively in 
making cross ties, caskets, tanning extracts, and pianos. Hemlock 
makes good lumber because it holds nails well. Crates, boxes, 
refrigerators, and some furniture are made from hemlock. Locust 
is used for fence posts, cross-arms and insulator pins on telegraph 
poles, mine timbers, porch flooring boats, and occasionally furni- 
ture. Hickory is a tough, flexible, and resilient wood used in axe 
and golf club handles, vehicles, single trees and double trees, 
gymnasium apparatus, canes, artificial limbs; it is also used for 
smoking meats. Manle is used in millwork. floorine, boxes, fumi- 
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ture, school furniture, shoe heels, and agricultural implements. 
Oak is used in practically every sort of industry. It is used in 
rough building operations, box cars, wagons, trucks, office and 
library furniture, bridges, and cross ties. The bark is used for 
tanning and for making dyes. Black walnut is becoming scarce, 
and it is being replaced to some extent by other and sometimes less 
desirable material. Sewing machine cabinets, fire-arm butts, 
caskets, furniture, musical instruments, and apparatus are made of 
walnut when it is available. Airplane propellers were formerly 
made of oak. 


Methods op Tree Study 

There are several good manuals for the ready identification of 
native trees and shrubs. Most of these are listed at the end of this 
chapter. The student should become thoroughly familiar with the 
nomenclature used in the keys to the families and species. When 
all of the terms have been mastered, it is advisable to use the key 
on some tree which is already known. This will give excellent 
practice in the use of the key. To many people a key strikes a note 
of terror, but it is after all the easiest method of determining 
identities. The families should be learned first. Many of these are 
familiar to most persons who can invariably indicate whether a 
tree is an oak, maple, or locust. However, many of the families are 
unfamiliar; and in some of them, such as the hickory and oak 
families, the species are very difficult to differentiate. In families 
such as these there are several outstanding individuals which can 
always be distinguished even though there are some species which 
are hard to separate. In the oak family, for instance, the pin oak, 
the chestnut oak, the white oak, and the laurel oak are fairly 
characteristic, while some of the other species are difficult to un- 
tangle. In many of them it is necessary to have the acorns before 
the identification can be positive. The oaks and hickories are 
difficult for even the dendrologists to specify. Since it is virtu- 
ally impossible to learn all of the species even if they are all 
accessibly* the student should be largely concerned at first with 
those trees in his immediate neighborhood. However, the iden- 
tification of these should be made through the use of keys. If 
this is done, he will have acquired the method of determining 
identities; and he is then equipped to extend his studies to spe- 
cies outside his immediate realm. Knowing how to determine the 
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identity of an unknown tree will be valuable to him no matter 
where he goes. 

Trees have a distribution which is characteristic for each species 
in the same way that animal species have their individual ranges. 
Magnolias arc largely southern in their range, and one would not 
expect to find them growing in the northern woods. Most species 
of evergreens are northern, although sbme of them are found in 
southern states. 

The mountain maple and the striped maple are never found 
below a certain elevation, and wc cannot expect to find them 
growing along the streets in company with the Norway maple 
which is largely used as a shade tree in the towns and cities of 
northeastern United States. The sugar maple may be found in the 
rural villages, hut it cannot tolerate the dust and gases in city 
districts. Therefore it is advisable to secure from the state bureaus 
^f fv.rcstry a list of the trees native to the section. This list will 
assist in avoiding mistakes in identities. The Federal Forest Ser\nce 
has numerous publications in which the distribution of species 
throughout the country is shown. The excellent books on trees 
that are now available will make it possible to readily identify 
any specie's. 

At Christmastime the market is flooded with evergreens w'hich 
are used as Christmas trees. Many of these are shipped for great 
distances, and species foreign to the local section are often im- 
ported. Tile identification of these can be dete*'mined by using the 
suggested references. The identification of ti . Yule trees is an 
interesting study. 

In attempting the identification of local trees, it is well to map a 
small section of the campus or town in which trees are to be found. 
In cities a street or a block in the residential section can be mapped. 
The map can be a simple one with prominent landmarks indicated 
so that individual trees can easily be located. This makes an 
excellent unit for study. All of the trees in the mapped section can 
be identified in order, and letters or numbers can be used for each 
species. A small circle can be drawn on the map to show the loca- 
tion of each tree. As each tree is id mtified, the number representing 
the species can be written within the circle. The list can then be 
conveniently checked after all of the identifications are made. 

If this plan is not feasible, a list of 25 or more trees can be given; 
and these can be identified by the student. Sometimes it is possible 
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for the whole class to make an excursion into a park or into a 
wooded section, and the identifications can be made as class studies, 
using the tree guides for determining the species. 

It has been suggested that there are many characters by which 
trees can be identified. All of these characters should be carefully 
noted and recorded in the field notebook. The type of situation 
should also be noted. For trees in a wild state the record should 
indicate whether the tree grew in the open, along the edge of a 
wood, in the heart of a forest, along a stream, in a swamp or low 
valley, on a hill, in a ravine, or high on a mountain side. When 
possible, the direction of exposure should be noted, for sometimes 
one species grows better with an eastern exposure, while others 
thrive best under other conditions. 

That these observations are of value is indicated by the fact that 
willows, water beech, and sycamores are usually along the margins 
of streams, while the chestnuts, striped maple, and white pine are 
found in elevated areas. 

After a number of identifications have been made in a systematic 
way, the student will soon begin to acquire a ‘‘tree sense, and the 
characteristics of the trees will become meaningful and less difficult. 

The records should not only contain a drawing of the outline of 
the tree as well as notes on the leaf, twig, and bark characters; but 
it should also include the location of the tree, its size (approximate), 
and the seacson. In preparing teaching records, it is advisable to 
collect specimens of the leaves, flowers, and fruits. 

The teaching record should be placed on a sheet of white card- 
board with the common names of the tree at the top (Fig. 239). 
Beneath this, the scientific name should be written and enclosed in 
parentheses. On the left side of the card a drawing of the outline 
of the tree can be placed; and on the other side a drawing of the 
twig should be made. The drawing of the twig is an important 
item since it indicates the location of the buds, the arrangement 
of the leaves, the leaf scars, and the rings of growth. In species 
where the pith characters are prominent, such as the chambered 
pith of jfche walnut or the star-shaped pith of the oak, a drawing 
of a cross, diagonal, or longitudinal section of the twig should be 
included. 

Between the drawings of the outline and the twigs, the out- 
standing characters of the tree should be written briefly and as 
simply as possible. All technical terms should be excluded as far as 
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possible. At the bottom of the card, the pressed leaf or cluster of 
leaves and the pressed flowers and fruits should be attached. In 
cases such as the buckeye, in which the fruit is large, it can be 
attached to the card with glue or string. The thin fruits of maples, 
elms, and the like will be easy to attach. 

Such a record for each local species of tree will be an excellent 
teaching device, for it can be hung on the ivall of the schoolroom 
where each pupil can see it and read it. The attention of the pupils 
can be called to the tree, and one species a w^eek may be studied. 
Each youngster can look for the tree on his way to and from school 
or in the school yard. Later the tree can be discussed by the class. 
The writer has found this method successful over a period of nearly 
20 years in demonstrating the teaching of trees to children. 

For classroom studies, sections of the various trees can be placed 
in Riker mounts in which they are preserved; and they can be 
handled by large numbers of students without injury. The teacher 
should always caution children to exercise extreme care in collecting 
leaves and other parts of trees. In fact, the children should be 
taught the importance of avoiding injuries to trees before identifi- 
cation studies are begun. 

The method of teaching children about trees will vary somewhat 
according to the ages of the pupils. However, the author, in di- 
recting studies in schools and in demonstrating tree studies in 
various school systems, has found the following plan to be very 
successful. 

Children love to tell what they knowr, and the handling of the 
over-zealous children is one of the real problems in the classroom. 
Certainly every attempt should be made to avoid suppressing the 
enthusiasm of the child. 

Every youngster can make some contribution to a class study of 
trees. Rather than submit a list of tree values to the class, it is far 
better for the teacher, after making her preliminary remarks to the 
class, to ask the question, “How many of you boys and girls love 
trees? '' (What boy or girl doesn't love trees?) This question can 
be followed by one such as, “John, w^hy do you like trees?" John 
gives as his reasons the comfort of the shade, the edible fruits that 
trees bear, or the fact that birds can build their nests in them. It is 
surprising how quickly the rest of the class respond; and before 
long the class will have given a long list of real tree values. The 
values can be written on the blackboard as they are given; and 
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when the class has exhausted its supply of tree values, the teacher 
can then supplement the list with additional ones. 

The class interest is usually stimulated by a discussion of this 
sort, and the teacher can then proceed with the study of other 
phases of trees suggested in this chapter. The study of woods, 
the lumbering industry and associated industries, forestry pro- 
grams, and numerous other phases of tree study should be dealt 
with. 

Such individual studies as “The Trees of History '' (Charter 
Oak, Penn's Treaty Elm, and numerous others), “Trees and 
Floods," “Drouths and Trees," “Food-Bearing Trees," “Christ- 
mas Trees," “What to Plant and Where," “Poems about Trees," 
“Trees and Birds," and a host of others of a similar nature will 
prove of value. It is very desirable to require written themes in 
connection with these studies. A great amount of tree study can be 
used to motivate the work in history, geography, and English. 

In connection with identification studies, the trees should be 
grouped into units which reveal their most obvious characters. 
The local trees should be classified under the following head- 
ings: 

(1) Trees which bloom before they leaf (service berry, elm, redbud, 
dogwood, linden, willow, hazelnut, Norway maple, most fruit trees) 

(2) Trees with winged fruits (elm, ash, maple, ailanthus, linden, pine, 
hemlock, larch, spruce, birch) 

(3) Trees with tufted seeds ({xjplar, sycamore, catalpa, willow) 

(4) Trees with showy flowers (catalpa, buckeye, horse chestnut, mag- 
nolia, tulip, dogwood, service berry, redbud, mountain ash, locust, haw- 
thorn, chestnut, wild cherry) 

(5) Trees with conspicuous bark (beech, birch, sycamore) 

(6) Trees with thorns or spines (locust, hawthorn, wild crabapple, 
osage orange, holly) 

(7) Trees with beautiful autumn foliage (sugar maple, sumac, sweet 
gum, pin oak) 

(8) Trees bearing edible fruits (persimmon, papaw, linden, service 
berry, mj^lberry, and almost all nut-bearing trees) 

(9) Trees with compound leaves (box elder, locust, ailanthus, buckeye, 
mountain ash, black walnut, hickory, Kentucky coffee tree) 

(10) Trees with prominent leaf scars (ailanthus, buckeye, coffee tree, 
catalpa, sumac, black walnut) 

(11) Evergreen trees (yew, pine, arborvitae, juniper, spruce, hemlock, 
fir, white cedar). 
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Since keys to the native trees are available in so many works, it is 
thought best to mention some of the characters of a few trees in 
the various families instead of including a key here. 

Some common tree families. The evergreens include those trees 
which have persistent foliage and are therefore green throughout 
the year. They do not shed their leaves simultaneously as do the 
deciduous trees. The native evergreens include the pines, hem- 
lock, spruces, yew, arborvitae, fir, cedar, and juniper. The larch 
is also an evergreen, but it is naked during the winter months. 

The pines have long, needle-like leaves which are arranged 
in clusters on the twig. The clusters include from two to five leaves 
according to species. The spruces have short, four-sided, needle- 
like leaves which rest directly and singly upon the twig. The leaves 
cover the twig on all sides, and they are arranged in spiral forma- 
tion on the twig. 

rhe hemlock hiis short, linear, flattened leaves about one-half 
inch in length. They are arranged spirally on the twig, but they 
appear to be in two ranks on the sides of the twig. The leaves are 
not pointed as in the pines and spruces, but they are generally 
rounded at their tips. There are faint white linos on the underside 
of the leaf along the midrib. The leaves are shiny above, and dull 
beneath. 

In the cedars and arborvitae the leaves consist of short, rounded, 
overlapping scales which are compacted on the stem. On young 
shoots the leaves are awl-like, and they are not r ^umbent on the 
stem. 

On the larch, the leaves are about an inch long and triangular in 
cross-section. They occur iu clusters on ttie short, spur-like 
branches. They are deciduous. 

All of the cone-bearing evergreens have a straight, tapering 
trunk which extends to the top of the tree. The branches grow in 
whorls about the main stem at definite intervals, the lower ones 
being longer. All of them extend outward horizontally, thus gi\dng 
the tree the shape of a cone. All of them are gymnosperms, and the 
winged seeds are borne in cones; hence the name conifer, or cone- 
bearing. The magnolias, rhododeiu on, and laurel are evergreens 
in which the trunk or stem is deliquescent. 

The pines, spruces, hemlocks, cedars, larches, firs, and arbor- 
vitae belong to the family Pinaceae, 

The yew, which has linear, hemlock-like leaves, does not beai 
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cones; but its fruit is a sessile, rod berry containing a single hard 
seed. The yews belong to the family Taxa^eae, 

The willows comprise a large group of trees and shrubs. They 
have alternate, narrow, lance-shaped leaves which are rounded at 
the base. The margins are finely toothed^ and heart-shaped stipules 
are usually present on the petiole at or near the base. The leaves 
are often downy when young, but smooth when mature. Willows 
are usually found in moist or wet situations such as in a valley or 
along a stream. The flowers are borne in catkins, and they usually 
appear before the leaves. The pistillate and staminate flowers 
occur on different trees, and the fruits are ovate capsules containing 
tufted seeds. In form the willows have crooked trunks which 
deliquesce profusely. The crown is wide, open, and round-topped. 
The wood is of little commercial importance; but the shoots, which 
will grow into trees if planted in moist soil, are used in the making 
of baskets and wicker furniture. 

As a group, the willows are difficult to identify into species, but 
the weeping willow with its drooping branches is unmistakable. 
The common species in northeastern United States are the black 
willow, shining willow, glaucous willow, and beaked willow. The 
crack willow, often found along our streams, is a European species. 
It is namea tno crack willow because its branches are brittle and 
break easily in strong winds. The willows belong to the family 
Salicdceae, 

The poplars include the aspens and cottonwoods. The lombardy 
poplar, the trembling or quaking aspen, the balm of gilead, the 
silver-leaf poplar, the balsam poplar, and the Carolina poplar are 
native species in the family. The quaking aspen can be readily 
identified by the trembling leaves. The lombardy poplar is a 
straight and very narrow tree with the lateral branches growing 
upwards and close to the trunk. The Carolina poplar has large, 
triangular leaves with laterally flattened petioles. The base of the 
leaf is truncate. The form of this tree is wide at the base, due to the 
lateral branches growing out horizontally; and it is narrow, tapering 
towalfe the top because the higher branches have a slight tendency 
to grow upwards. The Carolina poplar is a hybrid (P. nigra and P. 
halsamifera^Yi\), and it does not produce seeds. The bark is an 
ashy gray with deep, longitudinal furrows. The white or silver- 
leaf poplar, which is an exotic species, is grown frcHiuently for or- 
namental purposes. It can he distinguished from the other j)op- 
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lars by its lobed leaves which are quite woolly on the underside. 
The young twigs are also covered with a cottony felt which is easily 
rubbed off. The flowers occur in catkins about two inches in length 
on all of the poplars. Pistillate and staminate flowers do not occur 
on the same tree. The hairy, tufted seeds are enclosed in an 
oblong capsule. 

The balm of gilead is distinguished from the other poplars by 
having leaves which are heart-shaped at the base. The buds of the 
poplars are resinous, and in the balsam poplar the sticky material 
on the buds is fragrant. The poplars also belong to the family 
Salicaceae. 

The walnuts include the black walnut, the butternut, and the 
hickories. The walnuts have pinnately compound leaves with 
from 11 to 17 leaflets in the butternut and from 12 to 23 leaflets in 
the black walnut. A terminal leaflet is usually present in the former 
uiiid ab?r:cnt in the latter. The pith is chambered in both species and 
is dark brown in the butternut and light brown in the walnut. The 
fruit of the butternut is elongated, while in the walnut it is round. 
Both are covered with a hairy and sticky covering which stains 
readily. The buds of the butternut are larger and more flattened 
than those of the walnut. The flowers of both species occur in 
catkins; and both pistillate and staminate flowers occur on the 
same tree, usually on the same branches. The wood of the two 
species is used in making many things, but that of the walnut is 
much heavier. The bark and husks of the fmit ;*Te used in making 
dyes and in tanning. Both nuts are highly delec .ble. The English 
walnut is frequently grown as an ornamental tree. Its wood is the 
prized Circassian walnut used extensively in making bedroom 
furniture. The walnuts belong to the family Jv^landaceae. 

The hickories comprise a large and difficult group to identify 
as species. The hickories have alternate, compound leaves; but the 
leaflets occur alternately on the petiole. They number from five to 
11 according to species. The pistillate flowers occur in spike-like 
clusters of from two to six. The staminate flowers occur in clusters 
of three catkins. The nuts are variable ranging from roundish to 
almost cylindrical, and they arc :*overed with four valved husks 
which usually split open when the fniit is ripfe. The wood of most 
of the hickories is quite valuable, with the exception of the bitter- 
nut hickory; and several of the nuts are excellent. The most 
conspicuous of the hickories is the shagbark hickory on which the 
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old bark is shed in long strips which become loose at the bottom 
and peel upwards. The extending loose ends give the tree a shaggy 
appearance. 

The shagbark or shellbark, mockemut, pignut, and bittemut 
hickories are the most common species. They also belong to the 
walnut family Juglavdaceae. 

The birch family includes some of our most beautiful trees. All 
of the birches have simple, ovate, alternate leaves with sharply 
toothed margins and pointed tips, or apices. The birches have 
smooth bark which peels off horizontally in thin, paper-like strips. 
The lenticels are elongated horizontally. All of the birches bear 
flowers in catkins which are either pistillate or staminate, and both 
kinds are found on the same tree. The common species are the 
paper birch, which has a creamy to white bark which peels off in 
narrow strips tinged with yellow along their sides; the yellow birch, 
which can be readily distinguished by its 3 rellow, paper-like bark; 
the red birch, which has a reddish or cinnamon brown bark; the 
gray birch, which has a white bark that is never renewed when 
it peels. The gray birch may be easily confused with the European 
white birch. The black birch has a bark resembling that of the 
cheny. The bark of the black birch has a sweet aroma resembling 
wintergreen, when scratched; that on young twigs is edible and 
pleasant to chew. The fruit of the birch consists usually of a single, 
winged seed, although the seeds sometimes occur in small clusters 
or strobiles. The birches belong to the family Betulaceae. 

Other members of the birch family lack the smooth bark which 
characterizes the birches themselves. They include; 

The American hop hornbeam (Ostrya virginiana) which is a tree 
attaining a height of from 20 to 30 feet. The leaves are simple, 
alternate, ovate-oblong, and from three to five inches long. The 
apex is acute, and the margin is doubly serrate. The base is heart- 
shaped or wedge-shaped. The flowers are borne in catkins, and 
each of the pistillate flowers is enclosed in a bladder-like bract. 
Staminate catkins persist throi^hout the winter. The seeds are 
small alits enclosed in a bladder, at the base of which are irritating 
hairs. The bark is a thin, grayish brown and peels off in narrow 
scales. The species is also known as ironwood or deer wood. The 
American hornbeam {Carpinus caroliniana) resembles the hop 
hornbeam except that the staminate flowers are short, and the 
fruits are not enclosed in the swollen bladders. The bark is rather 
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smooth and the trunk is angled or fluted. It occurs in moist soil, 
usually near a stream. 

The smooth alder {Alnus rugoaa) is a related common tree which 
is more like a shrub. It is usually about ten feet high. The leaves 
are alternate, simple, thick, and blunt or rounded at the tips. The 
base is wedge-shaped, and the margin is finely and regularly serrate. 
The shape is more nearly ovate than in the hornbeam. The catkins 
develop late and remain dormant throughout the winter. The 
fruit is an orbicular, cone-like cluster containing small nuts. 

The hazelnut (Corylus americana) is a common shrub with sim- 
ple, alternate leaves with serrated margins. The leaves are obovate 
with heart-shaped base and pointed tip. They are slightly hairy 
beneath. The flowers occur in catkins before the leaves appear. 
The fruit is an edible, ovoid nut which is enclosed in leafy bracts 
which resemble the tied end of a paper bag. In the beaked hazelnut 
(Coiyius rostrata) the bracts extend considerably beyond the nut. 
All of the above trees belong to the birch family Betvlaceae. 

The beech {Fagus grandifolia) is one of the commonest trees in 
the northeastern states. Its light, silvery gray, smooth bark seems 
to be an irresistible temptation to young lovers who succumb to 
the urge to carve their initials within a heart on it. The leaves are 
alternate, simple, pinnately veined, with coarsely toothed margins. 
The flowers are inconspicuous. The fruit is a stalked, prickly, 
four-valved bur containing shining, triangular, pale brown, edible 
nuts which are relished by bears and grouse. 

The chestnut {Castanea dentata) is a larger ember of the same 
family with conspicuous clusters of white flowers that are almost 
aments or catkins. The fruit is a very spiny bur containing from 
two to five nuts. The bur opens late in October, dropping the nuts 
to the ground. The chestnut is one of America’s finest trees, but 
the chestnut blight has almost exterminated it in the eastern states. 
Both the chestnut and the beech belong to the family Fagaceae. 

The oaks constitute one of the largest groups of trees in the 
United States. They belong to the beech family. The species are 
widely distributed, although quite a number of them occur in the 
northeastern states. The leave, are simple, alternate, with wavy 
or deeply cut margins. The flowers are borne in hairy aments, 
and the fruit consists of clusters of the well-known acorns. In 
many of the oaks the leaves are persistent and remain on the tree 
all winter. The common species of oaks are: white (Quercua alba); 
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post (Q. steUata); bur (Q. tnacrocarpa); swamp white (Q. bicolor); 
yellow (Q. mvMenbergii) ; chestnut (Q. prinua) ; red (Q. rubra) ; pin 
(Q. paimtrui); black (Q. vdviina); scrub (Q. ilicifolia); laurel 
(Q. itiibricaria)] and willow oak (Q. phellos). 

The elms include the slippery elm {Ulmus f viva); the American 
elm (17. americana); and the European elm (17. campestris). All of 
them have simple, alternate, pinnately veined leaves with doubly 
toothed margins. The bases of the leaves are unequal. The leaves 
have a heavy texture, and some of them are rough on the upper 
surface. The fruit is a samara consisting of a flat seed surrounded 
by a wing. The general form of the tree is wedge-shaped; and the 
bark is thick and rough, with longitudinal fissures. The slippery 
elm has a fragrant inner bark, and the leaves are rough above. In 
the American elm the leaves arc smooth to somewhat rough on the 
upper surface, and the fruit is hairy around the margin. The elms 
belong to the family Uriicaceae. 

The hackberry (CeUis ocdderUalis) is another member of the elm 
family. It is a small tree with a short trunk. The leaves are 
alternate, simple, ovate, and obliquely rounded at the base. The 
apex of the leaf is acutely pointed. The margin is serrated except 
near the base- where it is entire. The fruit is a dark purple, berry- 
like drupe tipped with a persistent style. The hackberry is a hardy 
tree that will grow in most unfavorable situations. 

The osage orange or hedge apple {Maclura pomifera) was for- 
merly used much more extensively as a hedge around fields. Its 
simple, alternate leaves are ovate in outline with the margins entire. 
The base is wedge-shaped, and the apex or tip is rather acute. The 
upper surface is dark, and the underside is pale green. The young 
twigs are greenish and pubescent and contain yellow pith. The 
younger branches are armed with stout spines. The flowers appear 
in June. The staminate flowers occur in racemes on long, slender, 
drooping ^alks; and the' pistillate flowers occur in dense, rounded 
heads with short stalks. The fruit is a large mass of many small 
drupes closely fused together. It is about the size of a large orange 
and reslnibles a green orange in appearance. 

The red mulberry (Morua rubra) can be easily distinguished by 
the several ^rpes of leaves found on it. The leaves are simple, 
alternate, ovate, with three principal veins except in lobed forms, 
and with serrated margins. The base is cordate, and the apex is 
acute. The leaves may be mitten-shaped, or they may have from 
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three to five lobes. The flowers, which appear in May or June, 
are borne in dense spikes, about an inch in length. The fruit is 
compound or aggregate, composed of many small drupes. It is 
dark purple when ripe and is edible. 

The magnolias are largely southern, although several species are 
native to the northeastern states. They are among the most 
beautiful of all trees. Their large, broad, thick, shining, dark green 
leaves resemble tropical foliage. The leaves have entire margins; 
and they are simple, alternate, and oval, or broadly lanceolate in 
shape. The flowers are large, globular, and solitary; and both the 
calyx and corolla are white, although they may be tinged with 
yellow as in the cucumber tree. The fruit is an erect, fleshy cone 
of variable length, usually red in color. The seeds are red. The 
common species are the laurel magnolia {Magnolia virginiana)\ 
cucumber tree (M. acuminata); and umbrella tree (Af. tripetala). 
Til y belong to the family Magnoliaceae. 

The magnolia family also includes one of the East\s most popular 
trees, the tulip poplar or tulip tree {Ldriodendron tulipifera). The 
leaves are peculiarly shaped, almost resembling a lyre in general 
outline. They are really broadly ovate, being wider near the base 
and truncated at the apex. There are two apical and from two to 
four basal lobes. The color is bright green above and paler beneath. 
The petioles are long and very slender. The flowers are large, 
greenish-yellow, and cup-shaped, with three reflexed sepals and 
six converging petals. The fruit is a spiny-looking, sharply tapering, 
erect, and pointed cone consisting of long car,^ ’s. In the bases of 
the carpels the hard seeds are contained. The cone is usually 
persistent, which aids in identifying the tree in winter. The species 
is known also as the yellow poplar, popple, and whitewood. The 
twigs contain large pith which is often divided by stone cells. 

The papaw {Asimina triloba) is a southern tree with long, simple, 
alternate, obovate-lanceolate leaves of heavy texture. The leaf is 
narrow at the base and widens toward the apex, coming suddenly 
to a point. The flowers are borne along the twigs. They are green 
at first, turning to a reddish-purple later on. The fruit is large, 
brownish black, fleshy, cylindrical, and banana-like. The inner 
pulp is bright orange containing many dark brown, flattened seeds. 
The papaw belongs to the custard apple family, Anonaceae. 

The sassafras {Sassafras variifolium) is a common tree with 
several kinds of leaves on the younger plants. The leaves are 



624 


THE LIVING WORLD 


simple, alternate, and obovate, -with entire margins, although en- 
tire, two-lobed, three-lobed, and five-lobed leaves may occur on the 
same branch. The twigs are slender, greenish or reddish, hairy, 
brittle, and aromatic. The pith is large and white. The fruit is 
borne in clusters on bright red stems and consists of a small, 
rounded, dark blue drupe which rests in an enlarged calyx. The 
sassafras belongs to the family Lauraceae. 

The witch hazel (Hamamdia virginiana) is a small tree with 
simple, alternate, oval leaves from four to six inches long. They are 
rounded or acute at the apex and oblique at the base. They are 
smoothly dentate on the margins, and the midrib is prominent. 
The bright yellow flowers occur late in the fall in small axillary 
clusters. The flower buds are spherical. The fruit is a yellowish- 
brown, woody pod composed of two cells which contain small, 
black, shining seeds which are violently discharged when ripe. The 
witch hazel belongs to the family Hamamdidaceae. 

The sweet gum or liquidambar (Ligutdambar styradflua) is 
another member of the witch hazel family. Its outline is rather 
ovoid, due to the fact that the main trunk extends unbroken to the 
top of the tree. The leaves are star-shaped and therefore easy to 
identify. The flowers are of two types. The staminate flowers are 
green and borne in terminal racemes, while the pistillate flowers 
occur in dense heads borne on long stalks. The fruit is a long- 
stalked, spherical head composed of numerous capsules, the tips of 
which give the fruit a spiny appearance. The fruit is rather per- 
sistent. The species has a wide range. 

The wild plum, the wild black cherry, the Are cherry, and the 
chokecheny belong to the rose family, Roaaceae, and to the genus 
Prunua. The plum (P. americana) can be distinguished from the 
others by its fruit and by the absence of the terminal bud. It 
resembles the cultivated fruit in shape, bark, and flowers. The 
fruit is subglobose, red, and contains a flattened stone seed. 

The Are cherry (P. penmyloanica) can be distinguished from the 
other cherries by the flowers which are borne in umbels and by its 
slende| twigs which bear clusters of tcrmiiud buds. The bark has 
horizontal, elongated, orange-colored lenticeki which the other 
species lack. The fruit is a small, bright red, juipy drupe. 

The wild* black cherry (P. aerotina) bears its white flowers in 
racemes, and the fruit is a purplish black. The species is larger 
than the other cherries, and its bark is dark and roueh for a cherry. 
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The chokecherry (P. virginiana) also bears its flowers in racemes. 
The fruit is dark red, and the bark is much smoother than that of 
the black cherry. The leaves are also thinner and more finely 
serrate. The tree is small, rarely attaining a height of 30 feet. 

The hawthorns, or thorn apples, belong to the rose family also. 
The scarlet hawthorn {Crataegus cocdnm) or red haws is a very 
common tree in neglected pasture fields. The leaves are simple, 
broadly ovate, pubescent, and with from five to nine small lobes 
on the apical half of the margin which is finely serrate. The flowers 
are arranged in corymbs containing a few flowers, and they are 
borne on hairy stalks. The flowers are white in color. The fruit is a 
roundish pome not unlike the fruit of the rose in appearance. It is 
slightly pubescent and edible. 

The American mountain ash {Pyrus americana) is one of the 
most beautiful trees in America. It has alternate compound leaves 
with iroiu 13 to 17 sessile, opposite leaflets. A terminal leaflet is 
present. The leaflets are lanceolate, pointed, and finely serrate. 
The white, perfect flowers are arranged in cymes about three or 
four inches wide; and the fruit consists of clusters of bright red 
berries, about the size of a pea. The bark is thin and smooth; and 
the twigs are reddish brown with conspicuous, light-colored lenti- 
cels. The pointed, sticky, alternate buds are also characteristic. 
It is usuallj^ found on rocky hillsides and in boggy uplands (north- 
ern Pennsylvania). It belongs to the family Rosaceae. 

The shadbush or service bern,»’ or June I ^ rry {Arnelanchier 
canadensis) has simple, alternate, ovate lea us with serrated 
margins. The flowers occur in dropping racemes, and they appear 
very early in the spring before the other trees bloom. The purplish, 
berry-like fruit is borne on racemes and is edible. It also belongs 
to the family Rosaceae, 

The sycamore, buttonwood, or plane tree {Platanus occidenUdis) 
can be readily identified by its yellowish bark which is shed in 
large, rounded, brownish scales which give it a mottled appearance. 
The leaves arc simple, alternate, ovate, and have from three to 
five lobes. The flowers appear in dense heads which mature into the 
familiar drooping balls. The ball or heads are composed of many 
hairy seeds. The sycamore is most commonly found bordering 
streams. It attains a huge size, and its form is somewhat irregular. 
The London plane tree {Platanus acerifolia) is the one most com- 
monly planted along streets because it is regular in form; the head 



626 


THE LIVING WORLD 


is high and rounded; and it does not attain the great size of the 
native species. The London plane tree is a hybrid between P. oc- 
ddentalis and P. orierUalis. It can tolerate conditions of less 
moisture which the native sycamore cannot endure. 

The Kentucky coffee tree (Gymnocladus dioica) can easily be 
identified by its alternate, doubly compound leaves which may be 
as much as three feet in length. Each branch may bear from seven 
to thirteen ovate leaflets which occur in pairs. The greenish-white, 
staminate flowers are borne in raceme-like corymbs; and the 
pistillate flowers occur in terminal racemes. The fruit is a large, 
broad, and flat pod containing from six to nine large, broad, flat, 
dark brown seeds. The fruits are rather persistent. It belongs to 
the family Leguminosae. 

The honey locust (Gleditsia triacanthos) has alternate, singly- or 
doubly-compound leaves with flattened petioles. The leaflets are 
lanceolate-oblong and slightly serrate on the margins. The leaflets 
occur in pairs, and there is no terminal leaflet. The white flowers 
are very fragrant; they are borne in racemes, the pistillate racemes 
being longer than the staminate. The fruit is a long slender pod 
which contains many flat, oval, brown seeds. The pods are fre- 
quently twisted. The twigs are irregular and stout; and they have 
sharp, stout thorns which are frequently branched. The bark is 
often covered with large thorns. The black locust {Rohinia 
pseudo-Acada) is another native species with two thorns at the 
base of the leaf. The locusts belong to the family Leguminosae, 

The redbud, wild pea, or Judas tree {Cercis canadensis) is one of a 
group of trees and shrubs which are widely distributed. The red- 
bud attains a height of 20 feet, and the branches are somewhat 
upright. The leaves are simple, alternate, rounded, or heart- 
shaped, with from five to seven conspicuous veins. They have 
entire margins and measure about four inches in length. The 
flowers, like those of the locusts, are papilionaceous or pea-like. 
They are bright red in color and occur in clusters of five or more. 
The fruit is a small, light brown, short-stalked pod containing six 
broafty ovate, flattened, light brown seeds. The redbud belongs 
to the family Leguminosae, 

The poison sumac {Rhus vemiz) is small and shrub-like. It has 
smooth, thin, streaked, grayish bark with horizontally elongated 
lenticels. The twigs are stout, orange-brown, with raised lenticels. 
A watery fluid exudes from a cut twig, and this turns yellow upon 



THE STUDY OF TREES 


627 


exposure to the air. The leaves are alternate, compound, with 
from seven to thirteen leaflets, a terminal one usually being 
present. The leaflets are obovate, entire, and shining green above; 
they occur in pairs. They are about four inches long. The flowers 
occur in long, drooping panicles. The tree is dioecious. The fruit 
consists of small, glossy, ivory- or white-colored drupes arranged in 
loose, grape-like clusters. The species, which is also known as 
poison oak or swamp sumac, is very poisonous to most people and 
should be avoided. It belongs to the family Anacardiacede, in 
which the cashew and poison ivy are included. 

The upland sumacs include three principal species: the staghorn 
sumac (Rhus typhina) ; the dwarf sumac (Rhus copalUna) ; and the 
smooth sumac (Rhus glabra). All are irregular in form with rough, 
downy twigs. The twigs contain a milky fluid which turns black 
on exposure. The leaves are alternate compound with a stout 
wiKfeloss petio^. The staghorn has from 11 to 31 oblong, sessile 
leaflets in pairs and with a terminal leaflet. The margins of the 
leaflets are serrated, and the bases are heart-shaped. The yellowish- 
green flowers are borne in very dense panicles. The fruit is pro- 
duced ill compact, upright, cone-likc clusters which are deep red in 
color. The single fruit is a spherical drupe covered with red hairs. 
Sumacs with red fruit are not poisonous. 

The dwarf sumac is a small shrub with irregular, hairy twigs. 
The twigs do not remain hairy as in the staghorn, however. The 
leaves are seldom more than 11 inches long, ’nd they have from 
9 to 21 leaflets. The margin of the leaflets is . ually entire. The 
petiole of the leaf is winged, which is not the case with the stag- 
horn sumac. The flowers and fruit are somewhat similar to those 
of the staghorn sumac. The winged petiole, the entire margins of 
the leaflets, and the watery juice in the twigs, combined with its 
small size, distinguish the dwarf sumac from the staghorn and the 
smooth sumac. The sumacs belong to the family Auacardiaceae. 

The ailanthus (Ailanthus glandulosa), or tree of heaven, is of 
oriental origin. It is found growing extensively in cities in places 
where other trees will not grow. Mature trees are very large 
with stout branches and few tw*TS. The twigs are stout, clumsy, 
yellowish-green, and velvety. The leaf scars are prominent. The 
leaves are alternate, compound, and sometimes three feet long. 
The leaflets are ovate-lanceolate and number from 11 to 41. They 
are acuminate at the tips and truncate or heart-shaped at the base. 
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The margins are mostly entire, but a few rounded teeth are 
usually present near the base. On the undersides of these teeth, 
distinct glands are present. 

The flowers are small, greenish, and arranged in terminal 
panicles. The fruit consists of clusters of twisted, oblong wings. 
In the center of each wing there is a small seed. Only the female 
trees bear fruit, and the clusters of winged seeds persist throughout 
the winter. The ailanthus belongs to the family Simambaceae. 

The holly has two common representatives in the East. The 
American holly {Ilex opaca) is the common Christmas variety. It 
can be readily distinguished by its bright red fruits and by its 
spiny leaves. The laige-leaved holly (Ilex morUicola) has simple, 
alternate, ovate leaves with serrated margins; and they lack the 
spines which characterize the American holly. The flowers are 
white, and they are borne in small clusters. The fruit is a bright 
red nutlet. The hollies belong to the family Aguifoliaceae. 

The maples have simple, opposite leaves as a rule, although a 
few of them are compound. The family characters of the maples 
are extremely diverse. The leaves may be simple or compound, 
large or small, smooth or hairy. The twigs may be green, brown, 
or reddish. .The flowers may occur in small lateral clusters or 
terminal racemes; and they may appear before or after the leaves. 
The color of the flowers may be yellow, green, or red. The maples 
agree mord closely in the fruit, which is a key, shaped like the 
wing of an insect. The seed is located in the base of the wing. The 
keys occur doubly; and although they vary greatly in the diver- 
gence of the fruits, the winged seed of the maples is a positive 
character of identifleation. The common species are red maple 
{Acer r^^&rum) ; striped maple (Acer pennsylvanicum), which occurs 
only in mountainous sections; mountain maple {Acer spicatum), 
which bears its flowers in terminal racemes; sugar maple {Acer 
aaecharum) with thin bright leaves that are broader than long; 
silver maple {Acer eaccharinum) which has a (^lindrical outline, 
gray twigs, deep-cut leaves which are pale on the back, and droop- 
ing lateral branches which turn up at the ends, leaving a cinnamon 
brown when tom off; Norway maple (Acer platanoides) which is 
grown extensively for shade purposes. It has a rounded outline, 
dark green leaves which are almost the same color on both sides, 
and a' leaf petiole which contains a characteristic acrid milky sap. 
The box elder, or ash-leaved maple (Acer negundo) has opposite. 
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pinnately compound leaves with from three to five leaflets. The 
maples belong to the family Aceraceae. 

The Hercules club {Aralia spinom) is a member of the ginseng 
family. It has alternate, singly- or doubly-compound leaves which 
may be almost three feet long and two feet wide. The leaflets are 
ovate, three inches long, sharp-pointed,- and serrated on the mar- 
gins. The base of the petiole almost encircles the twig. The flowers 
are creamy white and occur in panicled umbles which may be three 
feet long. The fruit is an ovoid black berry which is five-angled. 
The species is also known as the Angelica tree. It belongs to the 
family Araliaceae. 

The buckeyes, which are commonly called horse chestnuts, have 
palmately compound leaves with from five to seven leaflets. The 
leaves are opposite, and the leaf scars are prominent characters of 
identification. The twigs are somewhat irregular. The white 
flowers are very conspicuous, and they are borne in upright pan- 
icles. The fruit is a large brown nut enclosed in a rough capsule. In 
the fetid buckeye (Aesculus glabra) the fruit is rough and prickly, 
but in the sweet buckeye {Aesculus octandra) the fruit is smooth. 
The buckeyes belong to the family Sapindaceae which includes the 
horse chestnut {Aesculus hippocastanum) and the western soap- 
berry. 

The linden or basswood {Tilia americana) is a large tree with 
alternate, simple, orbicular to cordate leaves which are broad, 
sharp-pointed, and heart-shaped at the base The margins are 
coarsely toothed. The side of the leaf next to vhe branch is larger 
than the other side. The greenish-white flowers appear early, and 
they occur in cymose clusters. The fruits are small nuts borne in 
small clusters to which there is attached an oblong, leaf-like bract. 
The attachment of the fruit cluster is on the middle of the bract. 
Another mountainous species, the white basswood {Tilia heir’ 
erophyla), occurs in the eastern states. It is the dominant species in 
the South. The linden belongs to the family TUiaceae. 

The dogwoods include two principal wild species. The flowering 
dogwood {Camus flarida) is abundant, and in the early spring its 
clusters of greenish flowers are a..iong the earliest to appear. The 
flower cluster is surrounded by four large white or pinkish bracts 
which are often mistaken for petals. The flowers appear before the 
leaves. The leaves are opposite, simple, and clustered toward the 
end of the branch. They are ovate, pointed at the apex, and wedge- 
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shaped at the base. The margins are entire or wavy. The fruit 
consists of red ovoid drupes borne in upright clusters; each drupe 
contains a grooved stone seed. 

The alternate-leaved dogwood (Cornus aUemtfolia) has cream- 
colored flowers, and the fruits are more nearly spherical. The 
dogwoods belong to the family Cornaceae. 

The black gum {Nyssa sylvatica), tupelo, or sour gum, is a 
medium-sized tree with sc^Jy bark which in old trees resembles the 
skin of an alligator. The scales are quadrangular or rectangular, 
as a rule. The leaves are simple, alternate, acute at the apex and 
wedge-shaped at the base. The margin is entire and slightly 
thickened. The autumn color is red. It is almost the first tree to 
take on autumn coloration. The leaf scars are broadly crescent- 
shaped with three single or three groups of bundles. The flowers 
are borne on slender downy stalks. The pistillate flowers occur in 
open, few-flowered clusters; and the staminate flowers occur in 
dense, many-flowered heads. The fruit is an ovoid dark-blue berry 
or drupe with from one to three in a cluster. The tupelo belongs to 
the family Cornaceae, 

Mountain laurel {Kalmia latifoUa) is a shrub with simple, oblong, 
entire-margined, thick, leathery, dark-green leaves. The leaves 
are shiny above and yellowish-green beneath. The leaves are 
acute at the -apex and wedge-shaped at the base. The flowers are 
angular cups with purple spots in the angles of the corolla. The 
ten anthers are sunk into ten pouches in the limb of the corolla. 
The stamens are attached by their filaments to these purple areas. 
The flowers are borne in dense, many-flowered corymbs. The 
fruit is a roundish, woody, and hairy capsule containing many 
seeds. The fruit is conspicuous only because the calyx and style 
persist on the fruits. The laurel is found only in shady places, and 
its foliage is supposed to be poisonous to stock. The laurel belongs 
to the Heath family, Ericaceae^ which includes mountain laurel, 
sheep laurel, huckleberries, cranberries, rhododendron, and other 
0(Hnmoi]|l^hrubs. 

The sour wood or sorrel tree {Oxydendron arbormm) is also known 
as the lily-of-the-valley tree. The species is not abundant or 
widely distributed. Its leaves are simple, alternate, narrowly 
oblong, with serrated margins. They are smooth, acute at the 
apex, wedge-shaped at the base, and from five to seven inches long. 
They resemble the leaves of the peach. The white, bell-shaped 
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flowers are borne in racemes from six to eight inches long. The 
flowers greatly resemble the lily-of-the-valley. The fruit is a five- 
sided, five-valved capsule terminated by a persistent style. The 
sour wood belongs to the family Ericacede. 

The persimmon {Diospyros virginiana) is a small tree with thick, 
dark, shining green, alternate, oval leaves which are acute at the 
apex and wedge-shaped at the base. They are from four to six 
inches long and hairy on the undersides. The small, white flowers 
are borne in two to three flowered cymes (staminate), and the 
pistillate flowers arc solitary. The fruit is a juicy, spherical, orange- 
colored berry containing from one to eight seeds. The green fruit 
is very astringent and puckers the mouth, but it is luscious when 
fully ripened. It is about the size of a large hickory nut. Cul- 
tivated persimmons, about the size of a large plum or larger, are 
so’d at fruit stands. The persimmon belongs to the Ebony family, 
Ebenaceae, which has representative's in many parts of the world, 
especially in tropical regions. 

The catalpa {Catalpa bignonioides) is a large tree with large 
cordate or heart-shaped leaves which are borne in whorls, usually of 
three. The flowers arc white with purplish spots on their inner 
surfaces. The flowers occur in large, erect clusters which are 
crowded panicles. The fruit is a long, cylindrical, bean-like pod or 
capsule which contains numerous flattened and winged seeds. 
The wings surround the seeds, and they are fringed at their ends. 
The pod is often called an “Indian toby,” c.; ar, or bean. The 
species belongs to the family Bignoniaceae o' Bignonia family. 

The ashes belong to the olive family, Ofeoceac, which includes the 
lilac, forsythia, privet, and olive. The ashes have opposite, pin- 
nately compound leaves. The leaflets occur in pairs, and a terminal 
leaflet is present. In some species the leaflets are sessile, while in 
others they are borne on stalks. The twigs and branchlets are 
opposite and slightly flattened at their point of attachment. The 
flowers occur in dense purple clusters, the pistillate clusters being 
much more open and in panicles. The flowers appear before the 
leaves. The fruit of the ashes is a winged samara, at one end of 
which is located a narrow, elong ted seed. The wing is elongated 
and tapering abruptly. The fruits are borne in dense clusters. 
There are three principal species which are used extensively for 
shade and ornamental purposes. The wood of all of them is val- 
uable.' The ashes belong to the genus Fraxinus^ with the white ash 
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(F. americana)^ red ash (F. pennaylvanica), and black ash (F. nigra) 
widely distributed. 

The sweet viburnum (Viburnum lentago) is a shrub or small tree 
with simple, opposite, ovate, sharp-pointed leaves about three 
inches long. They are bright green with conspicuous veins and 
sharply serrated margins. The leaf petiole is grooved and often 
winged. The buds are long, slender, reddish-brown, and covered 
by two rough scales. The bark of the tree has a disagreeable odor. 
The flowers are small, white, perfect, sessile, and borne in con- 
spicuous, terminal cymes from three to five inches broad. The 
fruit is a black or dark blue, elliptical, juicy drupe containing a 
flat, oval seed. The fruits are borne in clusters, and they are 
relished by grouse and other birds. The viburnum is one of a large 
family — the honeysuckle family, Caprifoliaceae. The black haw 
(Viburnum prunifolium) is another native species. 

BIBLIOGRAPHY 

Trees 

Apgar, A. C., Trees of the Northern United States and Canada, American 
Book Co/, 1892. 

, Ornamental Shrubs of the United States. American Book Co., 1910. 

Blakeslee, A. F., and Jarvis, C. D., Trees in Winter; Their Study and 
IdenUfUation, Macmillan, 1931. 

Britton, N. L., Nor^ American Trees. Henry Holt, 1908. 

Deam, C. C., Trees of Indiana. Pub. 13, Ind. Dept. Conservation, Indian- 
apolis, 1921. 

Finlay, Margaret C., Our American Maples. Published by the author. 
AUenhurst, N. J., 1934. 

Frothingham, E. H., The Northern Hardwood Forest, Its Composition, 
Growth, and Management. U. S. Dept. Agric. Bull. 285, 1915. 

Harris, J. T., Wood-using Industries of New York. N. Y. State College 
of Forestry, Series 14, No. 2, 1913. 

Harris, J. T., et al.. Wood Utilization Directory of New York. Tech. Pub. 

No. 6, Vol. 16, N. Y. State College of Forestry, 1917. 

Houghs JR. B., Handbook of the Trees of the Northern States and Canada 
East of the Rocky Mountains. Published by the author, Lowville, 
N. Y., 1907. 

niick, J. S., Pennsylvania Trees. Bull. 11, Pa. Dept. Forests and Waters, 
1928. 

Keeler, Harriet, Our Northern Shrubs and How to Identify Them. Scribner, 
1903. 



THE STUDY OF TREES 63J 

Keeler, Harriet, Our Native Trees and How to Identify Them. Scribner, 
1929. 

King, Julius, Talking Leaves. Harter Pub. Co., 1934. 

Lamb, G. N., A Calendar of the Leafing, Flowering, and Seeding of the 
Common Trees of the Eastern United States. Monthly Weather Re- 
view, Suppl. 2, 1915. 

Lennion, J. J., Studies of Trees. John Wiley and Sons, 1917. 

Lounsberry, Alice, Guide to Trees. Stokes, 1900. 

MacDougal, D. T., Growth in Trees. Carneg. Inst. Pub. 307, 1921. 

Matthews, Schuyler, Familiar Trees and Their Leaves. Appleton, 1911. 

, Fieldbook of Trees and Shrubs, Putnam, 1915. 

Mattoon, W. R., The Southern Cypress. U. S. Forest Service Bull. 272, 
1915. 

, Common Forest Trees of Georgia. Ga. State College of Agric., Athens, 

1923. 

, Common Forest Trees of Kentucky. Ky. Dept. Agric., 1923. 

, Common Forest Trees of South Carolina. Clemson Coll. Ext. Serv. 

Bull. 55, 1923. 

, Forest Trees of the District of Columbia. Am. Forestry Assoc., 

Washington, 1923. 

, Common Forest Trees of Florida, Fla. Forestry Assn., 1925. 

, Forest Trees of Connecticut. Conn. State Park and Forest Comm., 

1929. 

, Forest Trees of Minnesota. U. of Minn. Ag. Dept. Pamp. 17, 1930. 

McFarland, J. H., Getting Acquainted with the Trees. Macmillan, 1904. 

Mulford, F. L., Trees for Town and City Street^, Farmers' Bull. 1208, 
U. S. Dept. Agric., 1922. 

Parkhurst, H. E., Trees, Shrubs, and Vines of tJ'C Northeastern United 
States. Scribner, 1903. 

Perry, G. S., The Common Trees and Shrubs of Pennsylvania. Bull. 33, 
Pa. Dept. Forests and Waters, 1932. 

Peterson, Maud G., H<yw to Know Wild Fruits. Macmillan, 1905. 

Pinchot, Gifford, The Big Trees of California. U. S. Dept. Agric. Bull. 28, 
1900. 

Pythian, J. E., Trees in Nature, Myth, and Art. G. W. Jacobs, 1907. 

Record, S. J.. Timbers of North America. John Wiley and Sons, 1934. 

Rehder, Alfred, Manual of Cultivated Trees and Shrubs. Macmillan, 1934. 

Robinson, B. L., and Femald, N. L., Gray^s New Manual of Botany, 
7th edition. American Book i j., 1908. 

Rogers, J. E., The Tree Book. Doubleday Page, 1905. 

, Trees Worth Knowing. Little Nature Library. Doubleday Page, 

1922. 

Sargent, C. S., The Silva of North America: A Description of the Trees 



834 


THE LIVING WORLD 


Thai Qrow NaivraUy in Nortii America, Exclusive of Mexico, Vols. 1-14, 
Houghton Mifflin, 1891 to 1902. 

Sargent, C. S., Manual of the Trees of North America {Exclusive of Mexico), 
Houghton Mifflin, 1922. 

Stone, G. E., Shade Trees, Charadmstics, Adaptation, Diseases, and Care. 

BuU. 170, Amherst Agric. Exp. Sta., 1916. 

Stone, G. L., and Mcket, M. Grace, Trees in Prose and Poetry. Ginn, 1902. 
Sudworth, G. B., Miscellaneous Conifers of Rocky Mountains Region. 

Bull. No. 680, U. S. Dept. Agric., 1918. 

Tillotson, C. R., The Care and Development of the Woodlot. Farmers^ 
BuU. 711, U. S. Dept. Agric., 1916. 

, Growing and Planting Hardwood Seedlings on the Farm. Farmers* 

BuU. 1123, TJ. S. Dept. Agric., 1921. 
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METHODS OF STUDY 




CHAPTER XXII 

PRACTICAL SUGGESTIONS FOR STUDY 

It has been implied throughout this entire text that field work 
and practical observations constitute an essential requisite in the 
study of nature. Bookish information and theoretic^ deductions 
arrived at from plain reading are somewhat antiquated methods of 
learning. Modern science has advanced rapidly because of its 
practical aspects. The scientist of today is “from Missouri”; and 
only visible, tangible evidence will convince him of the authenticity 
of, or justification for, any conclusions that may be advanced in 
support of a scientific interpretation. 

Therefore follow the advice of a great teacher, Louis Agassiz, 
who said, ” Study nature, not books”; and see all you can out- 
doors. Books will, however, prepare you for making observations 
and they will help you to interpret what you see. Manuals for the 
identification of species are, of course necessary. 

But there are certain procedures which should be followed in 
making studies in the field. A knowledge of how to go about mak- 
ing these studies so as to get the most out of them is essential. 
The places to search, the equipment needed, the kinds of observa- 
tions to make, the collection and preser\’'ation ' material, and the 
kinds of records to keep, are all important. 

Field Work 

Planning the field trip. Too often the nature trip degenerates 
into a hike, and the class boasts of having covered so many miles 
on their expedition. When a student indicates that his field trip 
for the day took him over miles of countryside, it is a sure sign 
that his field studies were anything but thorough. The real nat- 
uralist cannot get very far on a single field trip, for rapid progress 
means that many things are being overlooked. 

It is always advisable to have a well-defined objective in field 
work. That is, you should plan definitely just what you want to 
do on the trip before it is made. At first, general collecting trips 
are valuable because the student learns how to use his net, and he 
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also gets a general idea as to where things are to be found. The 
classification of this material into phyla, classes, and orders should 
follow the field exercise. In the laboratory study of this material, 
the methods of mounting, labeling, and displaying specimens 
should be taught and practiced. 

Later field studies are much more efficient if definite types of 
situations are studied. The life on a sandy beach; the life in a 

pond; the animals or the 
^ ^ plants in an open field; the 

W' ' animals or plants of a marsh; 

^ the dead log association; 

these and many others pro- 
vide well-defined and spe- 
cific habitats, each with its 
coterie of plants and ani- 
mals in an association that 





IS more or less umque. 

In such studies both the 
plants and animals can be 
studied simultaneously or 
independently, as desired. 
The value of habitat and 
association studies cannot 
bo overestimated. Activi- 
ties of animals observed or 
collected should l)e carefully 
Fio. 227. Types of nets. 1. Dip; 2. In- recorded. If field studies are 
sect; 3. Tow; 4. Insect. Courtesy Gen. made by a group, the loader 
Biol. Supply Co. should have a wliistle to keep 

the members from wandering afar or to call the class together 
quickly in case someone discovers something which everyone 
should see. Nests of birds, ant or termite colonies, a litter of 
young animals, or any other things of similar nature should be 
viewed by all. 

Field ^uipment The student should be equipped with a col- 
lecting net; at least one killing bottle (although two or more are 
desirable) ; a pair of fine forceps; a magnifier, preferably a Codding- 
ton lens, although any ordinary small magnifying glass will do; a 
carrying case such as a gas mask bag, school book bag, or one such 
as is illustrated in Fig. 228. The carrying case can be easily made 
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by the student. The student should also have small pasteboard 
boxes such as pill boxes; empty four-inch vials; homeopathic vials; 
vials partly filled with 80% alcohol; a field notebook of small size 


and a pencil; a pen knife is 
always useful. A pair of 
field glasses for bird ob- 
servations is also desirable. 
Some general equipment, 
supplied by the teacher, 
can be distributed among 
the class. This equipment 
should include the mate- 



rial for general use. A few • ^ ^ . j 


cloth bags, such as sugar 
sacks, are ideal for carry- 
iiig, snakes, frogs, and 
toads. In case the trip 
includes some ponds or 
streams, a dip net, bottom 
scraper, and a small bucket 
with a perforated lid 
should be taken. A small 
axe and a light-weight 
pick with a short handle, 
or better still a geologist’s 
hammer, are useful in tear- 
ing apart dead logs and 



Fig. 228. Ideal ti id equipment. Cour- 
tesy Gen. Biol. Supply Co. 


stumps. The hammer or 

pick can also bo used for pulling out loose shale or for digging out 
larvae or other animals which live in burrows. 


A camera for taking photographs of interesting objects is 


always desirable. 

In regions where poisonous snakes are likely to be encountered, a 
snake bite outfit should be in the possession of the leader. 

Field directions. On general trips the student of nature should 
look under stones and under olv“cts on the ground : )t living things. 
The stems, leaves, flowers, aiid units of plants should be examined 
caitifully; and ripened pods should be tom apart, ior there are 
often minute creatures that lurk within them. The passes and low 
plants should be swept with the collecting net. This is effected by 
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swinging the net back and forth among the plants close to the 
ground. Holes and crevices should be investigated since there are 
many animals which live in excavations and others which take 



shelter in any concealed 
opening when the collector 
approaches. The trunks 
and lower branches of trees 
should be carefully exam- 
ined, and all of the crea- 
tures and plants should be 
observed or collected. Dead 
recumbent logs and tree 
stumps should be dug apart, 
and all kinds of creatures 
found in them should be 


taken. 

J \j /J\\ / III It is evident that, collect- 

j ing in this manner, the stu- 

j dent will not get very far 

/ on a single trip, but thor^ 

- — -r-f „ oughness is essential in 

rnuin 1 ^ studying the life of a region. 

On the ground and under 
objects you will see many 
' kinds of insects, including 

I ground beetles, tiger beetles, 

|| ants, crickets, grasshoppers 

®* ^ ~ of several kinds, digger 

Fig. 229. Laboratory equipment, ^^gpg ^nd other predatory 
A. Spreading boards; B. Proper method for , , n u i 

spreading winged insects; C. Insect pins; nymenoptera, collembola, 

D. Spreading wings of a butterfly; E. Block thysanurans, flies, tumble 
for examining i^te. B. courtesy Gen. beetles, and numerous oth- 

Nat. Sci. Estab. ers. You will also find slugs, 

millipedes, spiders, centi- 
pedes, so^bugs, earthworms, snakes, lizards, salamanders, and 
scores of others. The nature of the habitat will determine just 
what kinds of organisms will be found in a given place. Some things 
will be found oh dry ground, others on wet ground; while others 
are on the forest floor or in the open. On the ground stratum the 
burrows of many animals will be noted. These include holes made 
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by digger wasps; the holes in which the larvae of tiger and other 
beetles live; the openings of crayfish wells surrounded by chimneys 
of mud; tunnels of moles and meadow mice; groimdhog burrows 
with their piles of barren earth at their entrances; the concealed 
openings of chipmunk burrows ; spider nests and the nests of bumble 
bees and wasps. The nests of ground sparrows, ovenbirds, quail, 
grouse, pheasants, and other birds should be described and their 
contents noted; but they should never be disturbed. The barren 
trails on the ground are the runways of meadow mice and other 
animals, most of which can be identified by the nature of the trails 
themselves. The set-ups of rabbits in clumps of grass or in brush 
heaps will be recognized by the hollow places in the plants and by 
the fecal deposits. In the breeding season the rabbit excavations 
in which the young are de- 
posited are pretty well con- 
cealed. In forest areas where 
deer abound, the sleeping 
places are revealed by the 
trampled plants. 

In the dead log there will 
be found bark lice; harvest- 
men; spiders; centipedes; snails; slugs; engraver beetles; many 
kinds of wood-boring beetles including click beetles, longhorns, 
clerids, cucujids, etc.; bugs, ants, roaches; larvae of beetles, 
homtails, and others. In hollow logs there are often toads, snakes, 
salamanders, deer mice and other mammals )■' luding skunks. 

On the bark of trees there are harvestmen, plant lice, spiders, 
aphis lions, bugs, caterpillars, beetles, wasps, ants, slugs, snails, 
eggs of many kinds of insects, tree frogs, bark moths, lady bugs, 
mosses, lichens, and other plants. Many of these forms will be 
found in the crevices of the bark. 

On the lower plants there are beetles of many kinds, butterflies, 
moths, caterpillars, plant lice, white flies, ants, lady bugs, spiders, 
flies, leaf hoppers, lace wings, grasshoppers, katydids, bees, wasps, 
thrips, stilt bugs, stink bugs, assassin bugs, and numerous other 
uniTOftla and galls. Some of these will be found on the stems, others 
on the upper and undersides ot weaves, while still others such as 
bees, butterflies, many bugs and beetles, flies, and brightly colored 
spiders will be found on or in the flower. Flower heads and tubular 
flowers should always be examined because there are many diminu- 



Fig. 230. Method of mounting in- 
sects. After Kellogg, Ainencan Insects, 
courtesy Henry Holt and Co. 
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tive creatures that remain hidden deep in the throat of the corolla 
or among the minute flowers of a compact head. Many of the 
insects found on plants are more or less specific for those plants, 
and the plant identity should always be noted. Black blister beetles 
(Epicauta) are always associated with goldenrods; tiny snout 
beetles are found only among the compacted buds and flowers of 
the giant mullein; the rosy maple moth is usually found in the 
flowers of the evening primrose; the black-spotted, red milkweed 
beetles and the monarch caterpillar are found only on milkweed, 
as a rule; the golden greenish jewel beetle {Chrysochus) is found on 
Euphorbia and milkweed; and so on. It is important to record 
these specific plant selcctivities for collected specimens. 

The above suggestions are made to encourage the careful exami- 
nation of the various situations in the field. The habitat classifica- 
tion listed elsewhere will indicate some of the things that are to be 
found in other situations. 

In addition to collecting the smaller forms, all of the birds, 
snakes, mammals, and other creatures vrhich are not collected 
should be recorded in the field book. If their identifications are 
not possible in the field, the animals should be carefully observed, 
and their descriptions should be included in the field notebook. 
When animal tracks arc encountered, they should be sketched in 
the field notebook when the identification of their makers is not 

known. Carcasses of animals and excrement should be examined 

# 

for carrion beetles, and visiting flies and other animals should be 
collected. In examining dead animals and fecal matter, the material 
should be turned over because many of the inhabitants of these 
materials are to be found under them as well as in them, especially 
histerids, staphylinids, silphids, scarabs, and other beetles. 

When collecting in any situation, progress should be slow and as 
quiet as possible. A noisy approach causes many beetles to drop 
to the ground where they are very hard to find and see, and all 
other forms either scamper away or seek places of concealment. 
The collector should always endeavor to observe the various 
creatures at work and at play. This can be done only by careful 
proceduAs. 

Each situation should be studied thoroughly, and complete data 
should be attached to every specimen. 

Night trips should occasionally be planned, for there are speci- 
mens and activities which can be collected and seen during dark 
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hours that cannot be studied during the day. Strong flashlights 
can be used for collecting; and light screens, automobile lights, and 
moth traps will attract flying forms. Molasses and very ripe 
bananas smeared on the tree trunks will attract numerous insects. 

Association studies. In classes where regular field trips are 
scheduled, the itinerary should include as many different situations 
as are readily accessible. In such classes the writer has found it 
advisable to submit a printed exercise which includes general direc- 
tions for procedure in the field. The following exercise, taken from 
the author’s Systematic Guide to Field Biology ^ will indicate the 
kind of exorcise that has proved successful in his own classes. It is 
included hero merely as a suggestion. 

WOODLAND ANIMALS 
(This exercise will require several trips.) 

0. :r:cT: To become familiar with the animals indigenous to shady 
woodland areas. 

Directions: While many animals are to be found only in woodland 
situations, there are many tyiies of woods. They may be old or young, 
sparse or dense, damp or dry, etc. Then, too, the vegetation itself will 
partly determine the life to l)e found in any woods. The forest may be 
evergreen or decjiduous; and different trees such as oak, hickory, ash, or 
others may predominate in different areas. The procedure for study, how- 
ever, is the same for all. Only the results will vary. 

Woodland studies must be made slowly and patiently. Animals have 
numerous places in which to hide, and they are less easily found in shaded 
places than they are in open areas. At the first s4 u of danger, activity 
ceases, and animals warn each other of your presem . Birds stop singing 
and frequently sound alarms. Squirrels scami)er out of sight. Insects re- 
main quiet or seek places of safety. Thus it is necessary to approach and 
proceed quietly and slowly, keeping on the lookout for fleeing birds, in- 
sects, and mammals. 

Examine the leaves and stems of the shrubs and the lower branches of 
the trees. Search carefully for forms on the ground and on the bark of 
trees. Capture flying insects. Record all bird, reptile, and mammalian 
observations. 

Record carefully the exact situations in which animals are observed or 
taken. Note the height of nests, birds, mammals, and insects in the various 
forest strata. To fully understand the woodland animals this is necessary. 

Careful studies will reveal chipr. unks, squirrels, bats, snakes, land 
snails, box turtles, salamanders, lizards, frogs, and numerous birds, such 
as cedar wax wings, tanagers, pheasants, towhees, flycatchers, vireo 

1 Syatematic Guide to Field Biology, by Samuel U. Williams, mimeographev. 
edition. 
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woodpeckers, nuthatches, creepers, wrens, thrashers, warblers, blue-jays, 
crows, and others too numerous to list here. 

Many insects characteristic of the woodland such as craneflies, walking- 
sticks, tree crickets, smoky-winged damsel dies, bark moths, thysbe moths, 
tachinid dies, scorpion dies, hornets, tree hoppers, etc., will be found by the 
careful searcher. Tiny masses of eggs can found on the bark, and these 
often reveal minute, parasitic wasps laying their eggs in the eggs of the 
host insect. A magnider makes the observation of these more interesting. 
Make your searches complete. 

Open umbrellas and place them on the ground beneath a tree of moderate 
size. Shake the tree forcibly and gather fallen insects which tumble into 
the open umbrellas. The walking-stick is most easily gathered in this way. 

Report 

(1) List all animals observed and taken, giving their classidcation and 
common names. Be prepared to discuss life histories, habits, and the 
adaptive features of all specimens collected. 

(2) Arrange them according to strata, e.g., ground, low shrubs, tree tops, 
etc. 

(3) What animals in your list are truly woodland forms? 

(4) What arboreal animals did you see? 

(5) How did the various forms react to your presence? 

(6) Use references on birds and mammals and add additional forms to 
your list. 

(7) Make a diagram showing zonation of the woodland animals in your 
collection. 

Collecting devices. There are many ways in which specimens 
can be trapped. Deep pits dug in the woods often prove of value 
in entrapping toads, frogs, snakes, small mammals, and other 
animals which roam about at night. The pits should be about 
three feet deep. Moth traps such as those sold by biological supply 
houses are very effective in capturing night-flying moths and other 
insects. 

Carrion beetles can frequently be taken by the hundreds by 
placing a colander full of sandy earth in the ground and then plac- 
ing excrement or the carcass of a dead animal on the sand. The 
carrion insects are attracted by the odors, and they burrow in the 
earth beneath the ''bait.” In a day or two the colander can be 
lifted an^ carried to a brook or creek where the sandy earth can be 
washed out through the holes in the colander leaving the insects in 
the vessel. 

Another very effective trap for carrion insects can be made as 
follows: Place a fish head in a quart mason jar, securely tying some 
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cheesecloth or muslin over the opening of the jar. Make a small 
slit in the cloth covering. Take the jar to a woods or field near the 
woods and place it in an excavation with the top just flush with 
the surface of the ground. Pack dirt around the jar and loosely 
cover the top with dead leaves. Hang a strip of white cloth in a 
conspicuous position on an overhanging plant, so that the location 
of the trap may easily be found again, nr*-?-- ■ g ' vi ’ -' a 

Several of these traps should be made. 

The traps should be placed in the 
late afternoon and allowed to remain 
over night. The next day visit the 
traps and examine them for animal 
forms. If no animals arc present, it is 
probably because the material is not 
putrid enough to be odorous, and the 
tra,^.. .should be left undisturbed to be 
visited later. 

One trap should be left planted long 
enough for the animals to have started 
on their development. Later visits will 
yield larvae and pupae, and the life sect mount made from an 
histories can be observed. empty film box and a used 

The animals in the jars may be ** pate, 

taken with forceps and placed in a mixture of formaldehyde and 
alcohol to deodorize them and then either be m.-'iinted or preserved 
in 80% alcohol. 

You will secure maggots, adult flies, histeridae, silphidae, 
staphylinidae, scarabeidae, dermestidae, anJ other insect forms. 
Another observation on carrion beetles should be attempted. 

Place a dead mouse on the ground in the evening and cover 
it with crossed sticks so that prowling animals cannot carry 
it away. Look for the carcass the next day. If it has not 
disappeared, wait a day or two; and it will, in all likelihood, 
vanish. When the carcass has disappeared, lift the earth where 
the carcass was placed with a trowel. Look for animals beneath 
the buried mouse. You should ^nd orange-and-black burying or 
sexton beetles. 

Small bugs and beetles often drop to the ground at the slightest 
disturbance. Stretch pieces of cheesecloth on the ground beneath 
low bushes and then leave the place undisturbed for several 
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hours. The insects will ascend the plants; and when the collector 
returns, they will drop to the cloth where they can readily 
be seen. 

Lights attract insects; and if a white cloth is stretched vertically 
in front of a lantern, and another piece is placed on the ground at 

the base of the vertical 


^ " piece of cloth, attracted 

insects which fly against 

ih ' ^ easily be taken. The fly- 

i 5 forms which hover 

^^Sht can be 

^ i : ' " The type of insect net 

i' 'A,;. ' V' ; to use is a matter of 

1 ; _ ^ preference. Theexperi- 

. . V^ enced collector prefers a 

. ; // V-;: very light net of small 

\ ^ . J' diameter, but the be- 

" ' ginner had bettor use a 

I ^ % lecting nets of the types 

■'/.' ^ • shown in Fig. 227 are 

/ V VV; I very satisfactory, but 

* ] others can be obtained. 

T? non T * u ^ Tir XT ^ " Thc net can be a home- 

Fig. 232. Insect boxes. Courtesy Ward's Nat. , ^ . j .,i 

Sci. Estab. made affair, and it will 

very satisfactorily serve 
for all purposes. The ring can be made of stifif wire, and the 
handle can be a piece of bamboo or a light broom stick. The ring 
can be attached to the handle by wrapping with wire and further 
securing it with staples. The bag can be made of cheesecloth, al- 
though bobbinet is much more desirable and endurable. The 
entomolqgist uses bags of several weights and meshes. The sweep- 
ing net must be of strong material. 

In collecting water animals, home-made dip nets with strong 
rings, handles; and bags can be used, although the Needham bot- 
tom scraper (Fig. 235) and wire mesh dippers (Fig. 235) are much 
more satisfactory. Small wire strainers such as those used in 


Fig. 232. Insect boxes. Courtesy Ward's Nat. 
Sci. Estab. 
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kitchens iire very useful in collecting in small streams, pools, 
springs, or along the shores of ponds and streams. 

A collecting screen made of a piece of fly screen about three feet 
long and attached to two sticks can be used effectively in collecting 


stream animals (Fig. 236). 

There are numerous other 
devices for securing mate- 
rial, and these are pictured i 
in the catalogs of the supply : 
hous(\s listed in Appendix B. 

In collecting water ani- 
mals, the muck lifted from 
the bottom j;hould be spread 
out on the shore or upon a 
flat rock wlicre it can be 
.lined. Many of the 
captured animals cannot be 
seen immediately, but they 
will soon reveal themselves 
if the material is watched 
closely. 

Collecting and preserv- 
ing. Flying insects may be 
captured by the use of the 
net. This will seem a bit 



aw'kward at first, but prac- 
tice and a knowledge of 233. Laboratory ant nosts. A. Tiir- 

tox nest; B. Austen nest in use. A. cour- 
flight maimcnsms will do- B. original. 

volop skill. Each form will 

exhibit a different kind of flight, and the student will soon ob- 
serve flight differences between a Libollulid dragon fly and an 
Aeschnid, or lietween a fritillary butterfly and a Nymphalid, for 
instance. These differences will add considerably to the sport of 
catching flying insects. When an insect is caught in the net, the 
handle should be turned quickly to prevent its escape. 

Butterflies should not be haiid'-'d with the fingers , -\fter capture 


in the net, they should be paniy paralyzed by pinching their 
bodies at the bases of the wings from beneath. Then, when they 


are dumix'd into the killing jars, they will not mutilate their ivings 
by flapping them against the sides of the jar. 
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Courtesy Gen. Biol. Sup- 


All Lepidoptera (moths and butterflies) should be killed in 
separate jars. Do not place other insects, especially beetles and 
dragon flies, in jars with moths or butterflies. 

Adult insects, such as beetles, bugs, flies, bees, wasps, crane 
flies, damsel flies, grasshoppers, crickets, mosquitoes, etc., should 

be killed in jars with potassium 
-0 IBHI cyanide(KCN),carbontetrachlo- 

' ^ ride (CCI4), or carbon disulfide 

J latter two chemicals 

Ih are particularly desirable for small 

1 I jljl insects since they do not stiffen 

! ' i \ 7 the joints. 

\ I After killing, the dead insects 

V J should be transferred from the 

Fig. 234. Breeding cages for in- jarg to piJl boxes or other suitable 
a^ts^ Courtesy Gen. Biol. Sup- receptacles and properly 

marked. Butterflies, dragon flies, 
and other large-winged forms should be placed in paper envelopes. 
Do NOT PUT TOO MANT INSECTS IN A JAR. 

Soft-bodied animals such as worms, insect larvae, slugs, snails, 
lice, scale insects, spiders, ants, etc., should be placed in vials 
containing 80% alcohol or 15% formaldehyde. To preserve the 
natural colors of caterpillars and other forms, the vials containing 
alcohol should be placed in hot water as soon as possible after 
collection. It is frequently desirable to add a little glycerine to the 
alcohol. 

Data. It is absolutely essential that complete records of each 
specimen be included in the field notes. As specimens are collected 
they should be numbered, and all data pertaining to them should 
be recorded under corresponding numbers in the field notebook. 
These data should include place or locality; situation (water, open 
field, woods, plants, on stem, leaf, kind of plant, etc.); activities 
(running, fl 3 dng, digging, eating); climatic conditions (cloudy, 
bright, warm, cool); in shade or sunshine; nature of soil (sandy, 
humus, clay, wet, diy); exposure; altitude; hour and date of collec- 
tion. Such data will be of value in studies of habitat selection, 
periods of activity, and distribution. 

As soon ah possible after collection, the loctdity, date, collector’s 
name, and reference number should be attached to each specimen. 
For specimens preserved in liquids, a label Mrritten in India ink 
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And allowed to dry, and of a size adapted to the vial, should be 
inserted in the vial. Labels of pinned specimens should be printed 
in India ink. They should be very small and of uniform size. The 
lettering must necessarily be small. 

Mounting. The large and medium-sized insects should be 
mounted on regular insect pins at a uniform height, which is 
such that there is room at 

the top for handling the - — ; 

pinned specimen with safety. rSK;* 

Pinning blocks can be pur- 
chased from supply houses. 

Different insects require dif- 

fcrent mounting, and the 
following directions for the 
insertion of the pin should / 
be followed. A pin of suit- ^ 

able thickness should be Fig 235. Types of water dippers. 

, ^ , Courtesy Gen. Biol. Supply Co. 

selected. A carborundum 

needle sharpener is useful for removing rust or straightening 
bent points. 

Flies should be pinned through the thorax, a little to the right 
of the median line. 


Fig. 235. Types of w'ater dippers. 
Courtesy Gen. Biol. Supply Co. 


Bees, wasps, crickets, grasshoppers, and bugs can bo pinned 
through the thorax. 

Beetles should always be pinned through th'' right wing cover. 
This makes it possible to see the entire left sic . when the pinned 
specimen is held between the fingers. 

Butterflies and moths should be held between forceps at the 
bases of the wings. A little pressur#^ on the forceps spreads the 
wings, and the pin can be inserted in the thorax without danger of 
rubbing off the scales. In mounting butterflies and moths, extreme 
care must be taken against rubbing off the wing scales. After the 
pin is inserted, place the specimen in the groove of a spreading 
board (Fig. 230). 

Cut several strips of paper, making them longer than the depth 
of the front and hind wings. Me • i' the front wings forward with a 
pin and place a strip of paper over it. The pin should be inserted 
just behind the anterior vein to prevent tearing. Then, in the same 
manner, move the hind wing forward under the strip of paper. The 
strip should be pinned securely to prevent the wings from slipping. 
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Mount the wings at the same angle on both sides and put the 
board in a dry place for several days or imtil the specimen is dry. 

Carefully remove the paper strips and transfer the specimen 
to your insect box. This same procedure may be used for spread- 
ing the wings of dragon flies, grasshoppers, and other winged 
forms. 

Small beetles should be stuck on the tips of small triangles of 
stiff paper with glue, balsam, or white shellac. The pin is placed 

through the broad end of the 
triangle. 

Small wasps, flies, etc., may 
be mormted on a short sec- 
tion of a very fine pin or wire, 
and this inserted through a 
piece of pith attached to a 



Fig. 236. The hand screen used in 
collecting water animals. Courtesy 
Ward’s Nat. Sci. Estab. 


pin heavy enough to be placed 
in the insect box. 

Most small animals such as 


spiders, crustaceans, fleas, plant lice, collembola, thrips, lice, etc., 
are more easily studied when mounted on glass microscope slides. 

The animal should be cleared in a hot 5% solution of potassium 
hydroxide and thoroughly washed with water. Transfer to 35% 
alcohol for twenty minutes and then to 50%, 70%, and 95% 
alcohol for* the same length of time to dehydrate them. Place in 
cedar oil until the specimen is clear. Transfer to xylol for fifteen 
minutes and then place the specimen on a drop of balsam on the 
slide. Arrange the appendages with a fine pin and lay a cover glass 
over the embedded animal. This makes a permanent mount. 

Snakes and lizards are best carried in a cotton bag. There are 
numerous methods of preserving large specimens such as toads, 
snakes, fishes, etc. A very simple one is to kill the animal in full 
strength formaldehyde and inject a 15% solution of the same. 

The skeletons may be cleared by boiling in water until the 
flesh is removed and then boiling in hydrogen peroxide. It is 
easier to enlist the aid of ants and dermestid beetles, however. 

Pennanent collections. The specimens preserved in liquids 
should be placed in fresh solution in final storage bottles or jars, 
and properly labeled. 

Mounted insects may be kept in cigar boxes or pasteboard 
boxes, but the most desirable containers are wooden boxes (Schmitt 
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boxes) with cork bottoms. Tight-fitting covers are necessary to 
keep out destructive pests, such as the larvae of dermestid beetles; 
and a spoonful of carbon disulfide should be placed in the box 
from time to time. Carbon disulfide is poisonous and highly in- 
flammable. It is also well to place naphthalene in insect boxes. 
Naphthalene cones may be purchased, or very desirable prepara- 
tions may be made by inserting heated pins in moth balls. 

Suitable boxes can be made by placing layers of corrugated paper 
in the bottoms of pasteboard boxes having tight covers or in cigar 
boxes. A layer of white glazed paper should be glued over the 
bottom layer. Some insect boxes are shown in Fig. 232. 

Riker mounts with cotton backgrounds and glass covers are 
splendid for exhibits to be handled in classes, but naphthalene 
crystals should be placed beneath the cotton layer and the whole 
tightly sealed. Small cardboard boxes make desirable home-made 
exhibition mounts (Fig. 231). 

The Aquarium 

A balanced aquarium is one in which there is a chemical balance 
between the animal and plant life present. The plants utilize the 
carbon dioxide given off by the animals, and they liberate free 
oxygen which sustains the vital processes in animals. 

The aquarium is an essential part of the equipment of a student 
of nature. Any kind of a container can be used, and all of the ma- 
terial, both plants and animals, can generally be procured without 
cost in almost any section. Native plants a- ' animals are much 
more desirable than exotic ones, although it is interesting to have 
some warm water tanks in which tropical conditions can be 
simulated. 

The aquarium as an object for study is valuable in that it 
enables the student to make certain observations that cannot 
always be made in the field. In the home or laboratory it makes 
possible such observations as: 

(1) The factors involved in the maintenance of a balance of 
chemical conditions between plants and animals; 

(2) The factors involved in the sustenance of wnter life, includ- 
ing breathing, swimming, and pnysiological conditions and proc- 
esses; 

(3) The interrelationships which establish on association of 
water animals and effect distribution within a pond; 
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(4) The development of various water animals. 

Directions, (a) Prepare several small aquaria by placing a layer 
oS washed sand in the bottom of tumblers or pint jars. Partially 
fill each container with water and plant a spray of Elodea, Cabomba, 
MyriaphyUum, Anacbans, CorcUophylium, or Sagittaria in the 
sand and allow it to stand for a day. Then tiny fish, water snails, 
blood worms, mosquito larvae, or other small forms may be 
added. Do not place too many animals in one of these small 
aquaria. 

Single forms may be raised through their entire life histories; 
and single specimens of larger beetles, water bugs, water scorpions, 
etc., may be kept in these for observation for a day or two. 

(b) The class may construct several larger, rectangular aquaria 
for the purpose of observing “balance” and interrelationships. 

A layer of clean, washed sand should be placed in the bottom 
of the tanks. The sand should be sloping toward one end for the 
purpose of making it easy to clean the aquarium from time to 
time. Waste matters will gravitate toward the lower end where 
they can be siphoned off. A layer of fine washed gravel should be 
placed on top of the sand. Add water until the tank is about 
half full. In adding water, it is best to place a piece of cardboard 
on the layer of sand and gravel and then pour the water on the 
card. Otherwise the even contour of the bottom material will be 
destroyed. • 

Then insert sprays of water plants such as VaUemeria and 
Ludwigia in addition to any of those already mentioned. It is 
best to group the plants at the ends of the tank. This leaves a 
dear space in the middle for observation. Then fill the tank. 
Floating plants such as duckweed or water hyacinths may be 
placed on the surface. 

To balance the aquarium it is best to allow the water to stand 
for a day or two. Then add goldfish, minnows, sunfish, or catfish, 
the number being dependent on the size of the tank. A few water 
snails should be added, because most of these feed on the algae 
that qplinarily grow on the sides of the tank and frequently 
obscure vision from the sides. 

If the fish hover at the surface, it is an indication that there are 
too many afoimals for the amount of plant material, and it is best 
to add some fresh water and either remove some of the fish or 
add more plants. 
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When the fish swim about freely and appear at ease, the aquar- 
ium is balanced; and if kept under the proper conditions, it will 
not be necessary to change the water. 

Several things must be borne in mind in the preparation of a 
perfectly balanced aquarium. The tank should not be allow'ed to 
remain in direct sunlight for any length of time. Too much light 
promulgates the rapid growth of algae. If algae grow too rapidly 
on the glass, add more snails. Snails will lay their eggs in jelly 
masses on the sides of the aquarium. These may be examined 
through a magnifier each day and the entire development ob- 
served. Changes in temperature do not affect native ani m als in 
the aquarium, but the water can get too warm, and freezing wiU 
break the glass walls of the tank. 

A glass cover, raised slightly at the comers to allow ventilation, 
will reduce the rate of evaporation and keep out dust. 

To clean the aquarium, a piece of mbber tubing may be used 
to siphon out the waste which gravitates to one end in the sloping 
bottom. A convenient drip-tube is sold by supply houses. 

These directions apply to permanent aquaria, and many kinds 
of fish may be kept in this way if temperature conditions are kept 
favorable. For tropical fish it is best to hang an electric light over 
the tank. 

Most stream fish and goldfish can be fed on granular fish food. 
A mouthful of food per day will keep a fish active and healthy. 
When daphnia can be cultured or obtained, it is advisable to use 
them at least occasionally for tood. Some .. < '>und shrimp can be 
added to the diet. Meal worms, earthworms, or hamburger can 
be fed to some fishes and to salamanders. 

Two “don’ts” should be emphasized. Don't overfeed; many 
people lose their goldfish because of overfeeding. Don’t tranter 
fishes from warm water to cold water. 

If it becomes necessary to change the water, make sure that 
the temperature of the fresh water is about the same as that which 
is removed. Fish can withstand gradual changes of temperature, 
but sudden changes usually have fatal results. 

(c) In one of the larger ts’iks place some of all the kinds of 
water animals you have collected. 

Keep a record of the number of each kind added and observe 
results. Some will feed on others and eventually exterminate 
them. Stream forms will die from lack of oxygen. Others will 
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not find suitable bottom conditions, and others may be affected 
by the higher temperatures of laboratory aquaria. 

Observe the positions assumed by the various animals. Note 
stratification, distribution, locomotion, burrowing habits, etc., 
of the inhabitants in the tank. 

Obstruct the light from one end or an end and a side of the 
tank and observe the movements of the animals. If the tank is 
in a dark place, hold a light at one end and note the responses of 
th<‘ animals. 

Cover the top, ends, and sides with cardboard, leaving two 
equal openings on the sides. Then lift the card from the top and 
determine the distribution within the tank. These procedures 
will indicate the phototropic responses of water animals. 

After from one to two and three days check the numbers and 
kinds of animals remaining in the aquarium. Check again after 
a week and at regular intervals thereafter until the association of 
animals is fixed. 

Measure the hydrogen ion concentration and oxygen content 
of the water twice each day if possible. A La Motte pH indicator ' 
is quite satisfactory for the hydrogen ion determination. 

Suspend a thermometer in a corner of the tank and record the 
temperature twice each day. Some of the interesting aquarium 
studies include the following: 

(1) Describe the life histories of forms raised. 

(2) Describe the distribution of forms in the mixed aquaria 
(bottom, attached to plants, surface, burrowing, attached to 
sides, free swimming, etc.). 

(3) Describe the locomotion of animals observed. 

(4) Which animals are predatory? Do these prey upon a cer- 
tain kind of victim? 

(5) Which ones die apparently from lack of suitable conditions? 
Compare the conditions in the aquarium with the normal habitats 
of these forms. Suggest the causes of death. 

(6) Which animals go to the surface for air? How do they 
get it? 

(7) Which animals are truly aquatic? 

(8) What are the various adaptations for breathing under 
water, swimming, capturing food? 

* Made by La Motte Chemical Co., Baltimore. Block indicator for the color- 
imetric determination of pH. 
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(9) What animals are crawlers? 

(10) Which ones are protectively colored? How? 

(11) Which ones have “stream-line'' forms? 

(12) Describe the exchange of materials between plants and 
animals in aquatic situations. 

(13) After three days what animals have disappeared? 

(14) What animals constitute the final fixed association? 

(15) List the causes of disappearance of missing forms. 

(16) Summarize your observations on the behavior of the 
various animals. 

(17) Is there any connection between the pH and O 2 content 
and the disappearance of animals? 

(18) Were temperature changes sufficient to be a factor in 
mortality? 

(19) What were the phototropic responses of the animals to 
light? Which were positive and which were negative in their 
responses? 

Aquarium plants. The following plants can be utilized in stock- 
ing aquaria. The selection of plants should be made according to 
the size of the tank. (1) Tape grass or eel grass (Vallesneria). 
(2) Elodea. (3) Anacharis. (4) Fanwort {Cabomba), (5) Water 
purslane {Ludmgia). (6) Floating riccia. (7) Duckweed {Spiro- 
dela polyrrhiza), a small floating plant. (8) Duckweed {Lemna). 
(9) Bladderwort {Ulricidaria), (10) Water fern {Salvinia). (11) 
Water moss {Hypnum cryophyllum). (12) Water hyacinth {Etch- 
hornia azurea), a floating plaiil. (13) Fr- * bits {Hydrophers 
morphus). (14) Triannia. (15) Azola carcUana, (16) Water 
aloe. (17) Dwarf water lily {Nymphaea odorata). 

Many of these can be collected by the students or they can be 
obtained from florists or from the biological supply houses listed 
in Appendix B. 

Vivaria and terraria. Many kinds of small animals can be kept 
indoors for observation. Periods of gestation, fecundity, and 
numerous other biological principles can be studied in this way. 

Breeding cages for terrestrial insects can be made from small 
wooden boxes, and fly screen or glass sides can bo used. Earth 
placed in the bottom will susta i growing plants on which many 
insects feed. 

Ants can be kept for several years in artificial nests such as 
those shown in Fig. 233. Crickets, mantises, walking-sticks, 
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grasshoppers, and caterpillars can also be kept for observation in 
the chimney cage shown in Fig. 234. 

An ordinary aquarium tank with a glass extension top is an 
excellent vivarium for raising ferns and log plants (Fig. 238). 


HfUnU6 on LEAF '/^ULD’&' : S 
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WATER 


Bog or Semi-aquatic Terrarium 
Fig. 237. Types of vivaria. Courtesy Gen. Biol. Supply Co. 

The life histories of water insects can be observed by putting a 
screen extension above the aquarium in order to provide space 
for the aerial stages. The semi-aquatic terrarium illustrated in 
Fig. 237 is ideal for frogs, salamanders, snakes, crayfishes, and 
other animals. 
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The aquarium tank can be used for duplicating almost any 
local condition (Fig. 237). 

Many t3rpes of breeding cages, terraria, vivaria, and aquaria 
are sold by biological supply houses. Field mice, snakes, and 
other animals can be studied alive by caring for them in the 
laboratory and such studies are always worth while. 
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Plant Study 

Studying plants in the field. The writer is unalterably opposed 
to the practice of requiring a collection of mounted plants from 
each member of the class. In 
some sections where this prac- ^ — 
tice was in vogue for many 
years, there is a paucity of 
spring flowers. In large classes 
w ii»rre each student made a col- 
lection of 50 plants, the country- 
side became denuded of its 
early flora by the collectors, few 
of whom ever made any subse- 
quent use of their specimens. 

The modern idea of conserva- 
tion has superseded the practice Fig. 
of exploitation, and a good Courtesy 
slogan is to “love 'em and leave 'em.” It is not necessary nor 
particularly beneficial to collect the plants ii; rder to study them. 
A herbarium of native plants is an excellent thing to have in a 
school, provided the plants are mounted In protective envelopes 
with transparent covers so that they may be examined without 
injury. The building of the herbarium collection makes an excel- 
lent class problem. 

Identities, longevity, methods of growth and propagation, 
habitats, conditions under which plants grow, the aspects of colors, 
methods of pollination, seeds, seasons, and the usual structural 
features of plants can all be studied without destroying the plants. 
Where natural parks or und isturbed land areas are available 
nearby, it is an excellent thing to transplant as many species as 
possible to these more accessible places. Care must be taken to 
select a situation as nearly similar to the original habitat as pos- 
sible. This requires a pretty thorough knowledge of the plants. 


A vivarium for plants. 
Gen. Biol. Supply Co. 
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and it is valuable information to acquire through class studies. 
It also makes an excellent hobby for the one who studies nature 
for recreation. 

Identifications, as such, are of secondary importance. Most 
classes learn only the spring flowers before school closes. Then 
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Fig. 239. A tree mounting. (A student-teacher’s device.) 


come the simuner and early fall flowers which they seldom learn 
to know. 

The information implied in the discussions of the phases of 
plant studies, such as protection, pollination, etc., should be an 
objective in studying plants in their natural haunts; and cer- 
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tainly seasonal succession should be ascertained. But get this 
information without destroying either the flowering plants which 
everyone enjoys or the plants which provide food for birds. Dog- 
wood, rhododendron, laurel, bittersweet, locust, wild crabapple 
blossoms, and the other beautiful flowering plants which trans- 
form the woods, fields, and roadsides into fairylands of beauty 
should never be molested. To these a multitude of city dwellers 
whose vision is circumscribed by skylines of towering buildings, fac- 
tories, and smoke stacks through- 


out the weeks look for recrea- 
tion, relaxation, and inspiration. 

Make and keep the countryside 
as beautiful as possible; for nature 
in its glory provides an aesthetic 
atmosphere which is conducive 
10 t!'*e development of those vir- 
tues such as reverence, humility, 
and respect, which are essential 
in the quest for happiness and in 
the ciiltivation of proper conduct. 

The Nature Study seminar. 
It is obvious that in a bibliogra- 
phy as extensive as that included 
in the text, specific text references 
are out of the question. It is 
also evident that it would not be 
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possible to cover the whole field 

of literature in a single course. 

However, much additional information can be acquired by having 
the students report on various books and papers included in the 
bibliography, in organized seminars. 

The seminar can be a science club or it can be included as a 
part, of the course. Students can present abstracts of works per- 
tinent to the phase of the subject under discussion. The writer 
has found these seminars to be helpful and inspiring to the class. 
They contribute much to sustained interest. 
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INTERESTING FACTS ABOUT NATURE IN 
QUESTIONS AND ANSWERS 

General Information Questions 

1. What trees bloom before they leaf? 

2. Name five nut-bearing trees. 

3. What are the differences between pines and other evergreens? 

4. To what family of plants does the apple belong? 

5 What docs an “apple worm” grow up to be? 

What are “ant cows”? 

7. W hat mosquito carries malaria? 

8. Name some relatives of the oyster. 

^9. Is the chickadee a harmful or a helpful bird? 

^0. What are the objections to the; English sparrow? 

11. What is a balanced aquarium? 

12. To what group of insects does the “potato bug” belong? 

13. Name five poisonous plants. 

14. 1^0 snakes lay eggs? 

15. What is the difference between a butterfly and a moth? 

Iff. What group of insects are “suckers”? 

17. W^hat means of defense has a toad? 

18. Does an earthworm have feet? 

19. What does an “anny worm” grow up to be? 

20. Do dragon flies deserve the name “snake-feeders”? 

21. What is a “grubworm”? 

22. What do snakes eat? 

23. What insects have a highly specialized social order? 

24. What common plants depend upon the wind for distributing their 
seeds? 

J25, Name ten winter bird residents. 

26. What is meant by hybridization? 

27. How do insects cany pollen? 

28. Wfhat is a beetle? 

29 . Name five edible wild plants. 

^0. What are the differences between a reptile and an amphibian? 

31. Why do flowers have bright colors? 

32. What makes leaves change color in the fall? 
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33. When are trees tapped for syrup and why? 

34. Name several shade trees and give their advantages. 

35. Why are some trees that are commonly used for decorative and 
shade purposes objectionable? 

36. What are the following woods most generally used for: ash, walnut, 
maple, cherry, oak, white pine? 

37. How may the breeding of mosquitoes in ditches and pools be pre- 
vented? 

S8. What are fossils? Where are they found? Of what value are they? 
39. Why are aquatic snails desirable in an aquarium? 

Name two harmful birds and tell in what ways they are destructive. 
How may the food of certain birds be determined? 

"42. What are the qualifications of a martin house? 

43. Name five rodents. 

44. How may forest fires be prevented? 

45. Why do green plants need sunlight? 

46. Name ten spring flowers. 

47. What are seventeen-year locusts? 

48. Name five plants that depend upon animals for distributing their 
seeds. 

49. What are ballooning spiders '7 

50. How many points has a snowflake? 

51. Name ten beneficial birds. 

52. Name five plants that grow under water. 
yB3. What bird calls “teacher'' in its song? 

/ 54. WhatOrder of insects is called the “singing Order"? 

55. Do ants ever have wings? 

56. What kind of an insect is the “lightning bug'’? 

57. What is the second stage in the development of the house fly? 

^8. How may the English sparrow be distinguished from other sparrows? 
^9. Are all sparrows harmful? 

Why is the blue-jay not usually protected by law? 

61. What Order of insects has two wings? 

62. What are the differences between a dragon fly and a damsel fly? 

63. What do lady beetles usually eat? 

64. Name three fungus plant diseases. 

65. What are some enemies of trees? 

66. In what way is the “daddy-long-legs" beneficial? 

67. Are all insects “bugs"? 

68. What ar^ the differences between a spider and an insect? 

Name some animals that may be found at the bottoms of ponds. 
Give the distinguishing characteristics of the silver maple and the 


70. 


American elm. 
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71. Name some ways in which plants protect themselves. 

72. Name our native snakes that are poisonous. 

What bird has the distinction of relishing the potato beetle? 

74. What does a '*wireworm” grow up to be? 

75. What mammals live in trees? 

76. How many kinds of locomotion are there among animals? 

77. Describe a frog's egg and explain its adaptive features. 

78. Describe the appendages of a crayfish and explain their functions 
and adaptations. 

How may the wing, feet, bill, and tail of a bird suggest its habits? 
What secondary sexual characters are found among birds and 
mammals? 

81. Describe the adaptations of a mole to subterranean existence. 

82. Classify our native mammals under the following: aerial, terres- 
trial, aquatic, arboreal, and subterranean. 

83. What are the means of defense in mammals? 

8i How do animals respond to seasonal changes? 

85. How does an eagle soar? 

86. How do animals of the same kind find each other? 

87. How does a grasshopper see? 

88. How does a fly walk upside-down? 

89. What are the habits of a beavtr? 

90. How does a frog see under water? 

91. Where do insects lay their eggs? 

92. How does a bee manufacture wax? 

93. Where do groundhogs” go in winter? 

94. How do spiders make their webs? 

95. What causes a rainbow? 

96. What is a “fairy ring”? 

97. Of what value are vultures? 

98. What is the most brilliantly colored mammal in the world? 

99. How do rabbits warn others of approaching danger? 

100. Name the ways in which stream-inhabiting animals protect them- 
selves from the current. 

VdH. What birds inhabit marshes? 

102. Can bats see in the daytime? 

103. Do bats carry bedbugs under their wings? 

104. What is the largest bat in the New World? 

105. What mammals really constr -t homes? 

106. What are the differences between Old World and New World 
monkeys? 

107. Is it possible to distinguish between male and female ruffed 
grouse in the field? 
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108. Can male bees sting? 

109. Does the number of ^^rattles” on a rattlesnake indicate age? 

110. Is age the principal factor in determining the number of tines on 
the antlers of deer? 

111. Can dragon flies sting? 

112. What factors determine the distribution of life in a pond? 

113. Why do horse traders look at the teeth of a horse before they buy? 

114. What is a mule? 

11?. What are ruminants? 

1^6. What mammal is most highly specialized for living in trees? 

117;, Can all bears climb trees? 

118. What is an animal’s “environment”? 

^9. What common birds are thrushes? 

120. How can a minnow be identified? 

121. How does a cricket “sing”? 

122. What are “night-crawlers”? 

123. What water insects kill fish? 

124. Describe the life history of the “hellgrammite.” 

125. What kind of insects are water striders? 

126. Can any native snakes “spit” poison? 

127. Do snakes “charm” people? 

^8. What bird impales its surplus food on thorns? 

129. Where does the female waterbug usually lay her eggs? 

130. What do dragon flies eat? 

131. What interesting modification has the mole cricket? 

132. Name some beneficial wasps. 

133. Do little flies grow up to be large flies? 

134. To what animals is the “sowbug” or “pillbug” related? 

What bird lays its eggs in other birds’ nests? 

^6. What common birds lose their brilliant plumage after mating? 

137. Where do bats go in the winter? 

138. In what ways do insects defend themselves? 

139. What native animals hibernate? 

JAO, What common birds catch insects on the wing? 

J41. Are these birds brightly colored? Why? 

142. What insects are household pests? 

143. Are moths and butterflies harmful? 

144.. Where are sticklebacks found? 

145. ^1n what ways are fungi beneficial? 

146. How may the larva of an insect be distinguished from a worm? 

147. Name some common worms. 

148. How many legs has an insect? 

149. How many eyes has a spider? 
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150. Do all spiders make webs? 

151. What is a ‘‘measuring-worm”? 

152. How can a flicker be distinguished from a meadowlark? 

153. Of what use are antennae or “feelers”? 

154. What common house plants grow from bulbs? 

155. What animals furnish us with food? 

156. What trees are noted for their attractive autumn foliage? 

157. Name five flowering ornamental shrubs. 

158. Do any salamanders have scales? 

159. What is the largest salamander in the world? 

160. Do all moths spin cocoons? 

161. Are all moths nocturnal? 

162. In what mammals do the teeth continue to grow during all or 
part of their lives? 

163. How arc the appendages of insects modified for swimming? 

164. How do the immature stages of insects breathe under water? 

165. Do adult insects breathe under water? 
hilo. How can birds of prey be distinguished? 

^^7. In flying do the wings of birds vibrate vertically? 

^168. How are the bodies of birds made buoyant for aerial travel? 

169. Why does water run off a duck’s back? 

-470. Where are the legs of diving birds situated with respect to position 
on the body? 

^1. How does this position compare with that on terrestrial birds? 

172. How do trees prepare for winter? 

173. What common mammal washes its food before eating it? 

174. What animal produces the fur known as ermine? 

^75. What song-bird builds a hanging nest? 

176. Is moss on a tree always a sure sign of Nortl/ 

^4r77. Does a beaver use its tail as a shovel? 

178. What is Hudson seal fur? 

179. What oriental mammal is noted as a snake killer? 

180. What is caviar? 

181. When a horse gets up from a reclining position, does it get up on 
its front legs or its hind legs? Why? 

182. When a cow arises from a reclining position, does it get up on its 
front or hind legs? Can you explain this? 

183. What are the young of ducks, geese, swans, and turkeys called? 

184. What disease that is frequently fatal to humane is transmitted 
by rabbits? 

.j!85. What bird has a barbed tongue? 

^^6. W’^hat is the smallest American game bird? 

187. Does a calf or a foal (colt) have the longer legs at birth? Why? 
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188. What common animals are active only at night? 

188. What native animals live on carrion? 

180. Are all brilliantly colored birds permanently so? 

191. What native mammal lines its nest with hair plucked from its 
own body? 

192. What native mammals are blind at birth? 

^ -19S. What native birds are almost extinct? 

194. Of what value is countershading in animals? 

195. Can insects discriminate among colors? 

196. How can a millipede be distinguished from a centipede? 

197 . What common birds use their tails as props? 

Which has the longer tail, a swift or a swallow? 

'^199. What is an “electric light bug*'? 

200. What is the smallest North American mammal? 


Guide to the Answers of the General Information Questions 

Note: It is obvious that to completely answer all of the questions in the 
preceding list would require more space than this book will allow. Most of the 
answers can be found in the text and these will be indicated. The answers 
listed here must necessarily be brief. 

1. Some maples, juneberry, poplar, dogwood, basswood, etc. Others 
are listed elsewhere. 

2. The liilden, beech, oak, hazelnut, buckeye, are nut-bearing trees. 

3. Pine leaves are long and occur in clusters of from 2 to 5. See 
chapter on Trees. 

4. The apple belongs to the rose family. 

5. An “apple worm” grows up to be a codling moth. 

6. Ant cows are plant lice which exude “honey dew.’’ See Insects. 

7. The female Anopheles mosquito carries malaria. 

8. Mollusks such as clams, scallops, and snails are related to the oyster. 

9. The chickadee is a beneficial bird. 

10. The English sparrow is indiscriminate and untidy in its nesting 
habits and it is pugnacious, driving other birds away. 

11. A balanced aquarium is one in which the plant life is sufficient to 
supply oxygen for the animal life present. The water need not be changed. 

12. The “potato bug" is a beetle. 

13. Five poisonous plants are poison ivy, poison sumac, bitter night- 
shade, ^poison hemlock, snow-on-the-mountain {Euphorbia) ^ and nettle. 

14. Some snakes such as the blacksnake, milksnake, etc., lay eggs. 
See Reptiles. 

15. The differences between a butterfly and moth are explained under 
Insects. 

16. The bugs are sucking insects. 
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17. The toad has protective coloration and mucous glands which secrete 
a poisonous and offensive liquid. 

18. An earthworm has bristles or setae which serve as feet. 

19. An “army worm" is the larva of a moth. 

20. Dragon flies have many names which are superstitious. They do 
not feed or “doctor" snakes. 

21. A “grubworm" is the whitish larva of a May beetle. 

22. Snakes devour mammals, birds, amphibians, and other reptiles. 
Some of them eat insects. 

23. The ants, termites, and bees have highly specialized social orders. 

24. Milkweed, wild lettuce, asters, goldenrod, dandelions, and many 
other seeds are adapted to wind disp>ersal. 

25. Some winter bird residents are: chickadee, goldfinch, brown creeper, 
nuthatch, titmouse, cardinal grosbeak, and others according to geograph- 
ical location. 

26. Hybridization is the crossing of related species. 

27. Pollen adheres to the hairy bodies of many flying insects, and in 
plants which produce pollinia the insects carry the pollen-bearing struc- 
tures on their feet. 

28. A beetle is an insect which usually has a hard or homy external 
skeleton and whose outer or front wings meet so as to form a straight 
line down the middle of the back or dorsal side. 

29. A number of edible plants, or plants which have edible parts, are 
listed in the chapter on Plants. 

30. The differences between a reptile and an amphibian are discussed 
in the text, but the scaly skin of the reptile in contrast with the smooth 
and often slimy skin of an amphibian is the chief /isible character, 

31. The bright-colored flowers usually depend i. >n roving agents for 
transferring and receiving pollen. Insects, which are the chief agents, 
are attracted to the bright colors. 

32. Leaves change color in the fall because the green chlorophyll 
breaks up into its constituent pigments. See Plants. 

33. Trees are tapped for syrup in the spring because the sap is rising 
and liquids rise in the outer portion of the stem. 

34. The advantages of certain trees for shade purposes are discussed 
in the chapter on Trees. 

35. Some trees, such as poplars, are objectionable for shade purposes 
on streets and in yards because of their aberrant root growths. The 
roots sometimes break sidewalks, water and gas lines, and sewers. 

36. The uses of woods are discussed in the chapter on Trees. 

37. Mosquitoes may be kept from breeding in ditches and pools by 
placing oil on the water. The film formed by the oil makes it impossible 
for larvae and pupae in the water to obtain air at the surface. 
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38. Fossils are the preserved remains of plants and animals that are 
frequently found in rock strata. They are of value in that ancient plants 
and animals can be studied from the standpoint of evolution. 

39. Aquatic snails of certain kinds devour the algae that grow on the 
walls of the aquarium and thus keep the interior visible. 

40. Harmful birds are discussed in the chapter on Birds. 

41. The food of birds can be largely determined by the form and 
structure of the bill. See chapter on Birds. 

42. A martin house should have many compartments and entrances, 
since these birds prefer to live in colonies. 

43. Rodents are gnawers such as rats, mice, squirrels, beavers, and 
woodchucks. 

44. Forest fires are mostly due to carelessness and may be prevented 
by exercising caution in throwing away lighted cigars, cigarettes, and 
matches and by making certain that camp and picnic fires arc extinguished 
before leaving the woods. 

45. Green plants need sunlight because the photosynthesis effected by 
the chlorophyll can take place only in the presence of light. 

46. Some common spring flowers are: hepatica, spring beauty, jack-in- 
the-pUlpit, dog-tooth violet, skunk cabbage, trailing arbutus, lady's slip- 
per, aiiemone, crane's bill, squirrel corn, and others. 

47. Seventeen-year locusts are cicadas. These arc s\icking insects re- 
lated to plant lice and they are the largest of the Homoptera. It requires 
almost seventeen years for them to complete their metamorphosis. 

48. Such plants as Spanish needles, beggars' ticks, hound's tongue, 
cockle bur, and sweet cicely depend upon animals for distributing their 
seeds. The seeds adhere to the coats of the animals. 

49. Ballooning spiders are small spiders of several kinds which ascend 
to the upper parts of plants where the breezes blow, and then spin long 
buoyant threads which soar with the wind and carry the spiders with 
them. 

50. A snowflake has six points. 

51. Almost any ten birds that can be spontaneously recalled will be 
beneficial. 

52. A list of submerged water plants is given in the text. 

53. The ovenbird calls “teacher, teacher, teacher" in its song. 

54. The Qrthoptera, to which grasshoppers, crickets, and katydids be- 
long, ift*iHilled the “singing Order." 

55. The reproductive members of an ant colony have wings during 
the nuptial flight only. The wings are removed after the wedding journey. 

56. The “lightning bug" is a beetle. 

57. The second stage in the development of the house fly is a maggot. 

58. The chief distinction of the English sparrow is the white on the 
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“shoulders”; the male has black on the throat, breast, and abdomen. 
See technical description in Chapman’s Handbook. 

59. All sparrows are beneficial. Even the English sparrow has beneficial 
qualities. 

60. The blue-jay is not protected because it is supposed to destroy the 
nests and eggs of other birds. 

61. The Order Diptera, including the flies and mosquitoes, has but 
one pair of true wings. 

62. The dragon flies and damsel flies are discussed in the text. Space 
prohibits the repetition of the differences between them here. 

63. Lady beetles or “lady bugs” and their larvae mostly eat plant 
lice. 

64. There are many fungus plant diseases such as the chestnut blight, 
corn smut, white pine blister disease, and wheat rust. The germs of 
tuberculosis, typhoid fever, pneumonia, ringworm, and other diseases 
of humans may be considered as fungus diseases. 

Go. come encniies of trees are: fire, insects of many kinds, humans, 
fungus diseases, fungi, parasitic plants, etc. 

66. The daddy-long-legs or harvestman devours destructive plant lice 
and other insects. 

67. All bugs are insects, but not all insects are bugs. 

68. A spider has eight legs, eight simple eyes, and two main body 
divisions; while an insect has six legs, two compound and usually three 
simple eyes, and three main body divisions. 

69. Pond dwellers are listed in the chapter on Animals of ponds. 

70. The distinguishing characters of the silver maple and the American 
elm are given in the chapter on Trcc« 

71. Plants protect themselves by poisons, noxiou^ dors, spines, hairs, 
and other mechanical devices. See text. 

72. The copperhead, rattlesnake, water moccasin, and coral snake, 
with all of the subspecies of these, are poisonous. See chapter on 
Reptiles. 

73. The rose-breasted grosbeak is the only native songbird that seems 
to relish the destructive potato beetle. 

74. A “wireworm” is the larva of a click or snapping beetle. 

75. Squirrels, raccoons, opossums, and the fisher are tree dwellers. 
See the chapter on Mammals. 

76. The kinds of locomotion among animals are: crawling, walking, 
jumping, flipping, swimming, gliding and flying. 

77. A frog egg is fully described and discussed in the text. See Water 
animals. 

78. The appendages of the crayfish are fully described and discussed 
under Water life. 
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79. The adaptive features of the wing, feet, bill, and tail are discussed 
in the chapter on Birds. 

80. Secondary sexual characters are those possessed by only one sex. 
These are numerous and include color, horns and antlers, wattles. Many 
of them are discussed in the chapters on Birds and Mammals. 

81. The adaptive features of the mole are fully described in the chapter 
on Mammals. 

82. The ecological classification of mammals is given in the chapter 
on Mammals. 

83. Mammals defend themselves by: odors, horns, hoofs, jaws, quills, 
etc. See chapter on Mammals. 

84. The responses of animals to seasonal changes, such as migration, 
hibernation, etc., are discussed in chapters dealing with Birds, Reptiles, 
Amphibians, and Mammals. 

85. Soaring is effected by a special type of wing structure and by up- 
ward air currents. See chapter on Birds and also Clark’s Animals of Land 
and Sea. 

86. Animals find each other by calls, odors, structures, and vibrations. 

87. The mosaic vision of insects is discussed under Insect eyes. 

88. A fly is enabled to walk upside down by the presence of adhesive 
pads on the feet. See chapter on Insects. 

89. The habits of the beaver are discussed in the chapter on Mammals 
and in numerous references suggested. 

90. The presence of a transparent, nictitating membrane on the eye of 
the frog makes it possible to keep its eyes open under water. 

91. Insects lay their eggs in and on plants, in water, in the bodies of 
living and dead animals of many species, on the external coats of animals; 
and in and on each other. See chapter on Insects. 

92. The “bee sweat,” or wax used by honey bees, exudes from between 
the wax plates on the abdominal segments. See Bees in text. 

93. Groundhogs or woodchucks hibernate in burrows below the frost 
line in winter. 

94. The web of a spider is made from a liquid which exudes from the 
spinnerets. The liquid solidifies upon contact with air. See chapter on 
Spiders. 

95. A rainbow is caused by the refraction of light in spherical rain- 
dro|Mi. 

96. A fairy ring is a ring of fungi, usually found around the base of Si 
tree which has been cut down. The circle widens as food is exhausted. 

97. Vultures are great scavengers and remove the carcasses of dead 
animals. 

98. The most brilliantly colored mammal in the world is the mandrill. 

99 . Rabbits always thump the ground with their hind feet to warn 
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others of approaching danger. The rapidly disappearing white tail may 
also suggest to others that they scoot to cover. 

100. Stream-inhabiting animals that cannot swim against the current 
usually live under stones or in burrows on the bottom; or they may have 
means of attaching themselves by threads. A number of these are dis- 
cussed under Stream animals. 

101. Sandpipers, willets, yellow-legs, herons, bittern, killdeer, snipe, 
marsh wrens, marsh hawks, and many others. 

102. Bats can see in the daytime. 

103. Bats do not carry bedbugs under their wings. 

104. The largest bat in the New World is a huge vampire, a carnivorous 
bat taken recently by Dr. Raymond Ditinars in Trinidad. It has a spread 
of nearly forty inches. 

105. Few mammals make complicated houses in which to live. Our 
native muskrat and beaver and some s(iuirrels and mice make rather 
complex nests. The orang utan and gorilla also make nests of woven 
branches. See Animal homes. 

106. 'riie Old World monkeys have cheek pouches and lack prehensile 
tails. The New World monkeys have no cheek pouches and many of 
them have prehensile tails. 

107. It is not possible to distinguish between a male and female ruffed 
grouse on the basis of flight or coloration 

108. Male bees cannot sting. 

109. The number of “rattles” on the tail of a rattlesnake is not a 
means of determining age. 

110. The number of tines or branches on the antlers of deer is not 
wholly dependent on age but rather upon nutrition. 

111. Dragon flies are harmless insects and can be mdled with im- 
punity. 

1 12. Depth, turbidity, plant life present, temperature, and other animals 
present are some of the factors which determine the distribution of life 
in a pond. 

113. Horse dealers examine the teeth of prospective purchases because 
the teeth of horses grow until the middle life of the animal. Browsing 
keeps the teeth worn and the growth is to compensiite for the wear. 
The length and condition of the teeth indicate the age and health of the 
animals. 

114. A mule is a hybrid animal obtained by crossing a horse and an 
ass. Mules are usually sterile, although +hcre are a few reconl ^ of fertility. 

* 115. Ruminants are cud-chewing manaiials such as cattle, oxen, sheep, 
deer, and goats. These have a four-chambered stomach and food is 
chewed slightly and swallowed. It is stored in a paunch and may be 
regurgitated for further chewing. 
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116. The sloth is more highly specialized for arboreal existence than 
any other mammal. 

117. Not all bears can climb trees. The black, brown, or cinnamon 
bear is the only native bear that can climb. See Mammals. 

118. The environment of an animal consists of its immediate surround- 
ings, chemical and physical conditions such as light, moisture, etc., and 
includes all other animals of its own and other kinds. See Chapter II. 

119. Robins and bluebirds are really thrushes, although the recent 
classification places them in separate families. 

120. The characters of minnows and other small stream fishes are given 
in the chapter on Pishes. 

121. A cricket “sings” by rubbing its modified wing covers together. 
See Insects. 

122. “Night-crawlers” are earthworms, commonly called “fishing 
worms.” 

123. Diving beetles, hellgrammites, and water bugs kill fishes. 

124. The hellgrammite, or bass fisherman's bait, is the larva of the 
dobson fly. The insect spends one year and eleven months in the larval 
stage and then emerges into an adult after a short pupal period. The 
adult does not live for more than twenty-four hours. See text and Fig. 43. 

125. Water striders or water skippers are bugs. 

126. None of our native snakes spit poison. 

127. Snakes do not “charm” people. 

128. The shrike or butcher bird impales its surplus food on thorns. 

129. The female water bug usually seizes an unwary male and glues 
her eggs on his back. 

130. Dragon flies feed upon mosquitoes, flies, and other insects. 

131. The mole cricket has front feet shaped like hands for digging. 

132. Hornets, certain digger wasps, and mud daubers are beneficial. 
Many others are mentioned in the chapter on Insects. 

133. Little flies, no matter how minute, are adults and never grow to 
larger size. 

134. The “sowbug” or “pillbug” is a crustacean and is related to 
shrimps, crayfishes, and lobsters. 

135. The cowbird is a native bird that commonly lays its eggs in the 
nests of other birds, although the cuckoo and others are also offenders 
of this sort at times. 

136. T;he males of the scarlet tanager and goldfinch are brilliantly 
colored during the mating period and lose their gaudy coats when the 
breeding season is over. There are numerous others which do likewise. 

137. Most native bats retire to caves and hollow trees where they 
hibernate during the winter months, although some species migrate as 
do birds. 
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138. Insects defend themselves by stings, poison glands, biting, odors, 
grotesque structures, etc. 

139. Many animals hibernate during the winter months. Notable 
among these are: groundhogs, rats, mice, opossum, raccoon, bear, red 
squirrels, frogs, toads, salamanders, turtles, snakes, lizards, and insects. 

140. Vireos, swifts, swallows, martins, nighthawks, whip-poor-wills, 
kingbirds, and numerous others capture insects in flight. They are not 
brilliantly colored, as a rule. 

141. Most birds which capture insects in flight are dull colored. 

142. Bedbugs, roaches, silver fish, book lice, fleas, and many other 
insects frequent households. See chapter on Insects. 

143. Nearly all butterflies and moths are harmful in that they devour 
plant structures in their larval stages. 

144. Sticklebacks are small fishes found usually in fresh ponds. 

145. Fungi are beneficial in many ways. Some of them are valuable as 
food and most of them quickly cause the disintegration of dead organic 
matter and return its nutrient substance to the soil. 

146. The worm usually has numerous segments and lacks a well- 
developed head and appendages. 

147. Leeches, earthworms, tapeworms, and the threadworms or horse- 
hair worms found in water and in the soil are commonly found worms. 

148. An insect has six legs. 

149. A spider has eight eyes as a rule, although there are four-eyed 
and six-eyed species. 

150. Not all spiders make webs. Many of them are roaming predators, 
while others are jumpers. 

151. A measuring-wonn is the caterpillar of a gcometrid moth. 

152. The distinction between a liioker and a adowlark can be as- 
certained in any bird book or in the text. 

153. Antennae or “feelers'' are used as tactile, olfactory, auditory, 
and respiratory organs in the insect world. 

154. Many house plants grow from bulbs. Among these are tulips, 
narcissi, hyacinths, and crocuses. 

155. The animals we eat and those which supply milk, eggs, and honey 
are almost indispensable to humans. 

156. Many trees such as sumac, sugar maple, sweet gum, sassafras, 
pin oak, and many others mentioned in the text have attractive autumn 
foliage. 

157. Five flowering, ornamental shrubs are: rhododendron, forsythia, 
lilac, hydrangea, and azalea. 

158. One group of primitive salamanders, the Caecilians, have minute 
scales embedded in the skin. 

159. The largest salamander in the world is the Japanese giant sala- 
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mander {Megalobatrachus maxirnus) which attains a length of nearly 
five feet. 

160. Many moths, notably the sphinx moths, do not spin cocoons. 

161. Many moths are active during the daylight hours. 

162. In rodents, the teeth continue to grow during the entire life of 
the animals and in the browsing mammals the teeth grow for a consider- 
able period after maturity is reached. 

163. The modification of insect appendages is discussed in the chapter 
on Insects. 

164. Insect nymphs, naiads, and larvae which live in water breathe by 
means of gills, breathing tubes, and by direct absorption of oxygen. See 
Water life. 

165. All adult water insects must come to the surface periodically 
for air. 

166. Birds of prey can be identified by their talons and hooked 
bills. 

167. The wings of birds do not vibrate vertically in flight. Although 
the wings do beat up and down in a way, the movement is partly backward 
and forward. See Clark’s Animals of Land and Sea, 

168. Hollow bones, stream-line form, and numerous air pockets in the 
feathers of birds make their bodies buoyant for aerial travel. 

169. The plumage of water birds is oily and water runs off it without 
wetting the feathers which would render the birds flightless. 

170. The legs of diving birds are located on the hind end of the body. 

171. The legs of terrestrial birds are located nearer the center of the 
body. 

172. Trees prepare for winter by shedding their leaves, storing sugars 
in the stem, and thus stopping all physiological and vegetative processes. 
The sap becomes concentrated and descends to the roots. 

173. The raccoon washes its food before eating it. 

174. Ermine is weasel fur. 

175. The Baltimore oriole builds a hanging nest. 

176. Moss on the side of a tree is not a sure sign of North. 

177. The beaver does not use its tail as a shovel. 

178. Hudson seal is muskrat fur. 

179. The mongoose is the oriental destroyer of snakes. It has been 
introduced into the West Indies. 

180. Caviar is fish eggs which have been prepared in a special process 
perfectedl%y the Russians. 

181. A horse gets up on its front legs so that it may look around as it 
arises. The horpe is a descendant of a plains animal. 

182. A cow gets up on its hind legs. It is descended from forest an- 
cestors and vision in a forrat is better near the ground. 
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183. Young ducks are ducklings; young geese are goslings; young 
swans are cygnets; and young turkeys are poults. 

184. The disease commonly transmitted by rabbits is Tularemia. 

185. The woodpecker has a barbed tongue. 

186. The smallest American game bird is the sora rail. 

187. A foal or colt has longer legs than a calf. The colts were originally 
born in open country where it was necessary for animals to run from 
danger. The ancestors of the calf had young which were spotted and these 
young were hidden in dense woods while the mothers browsed. 

188. Raccoons, opossums, bats, many rats and mice, and numerous 
other animals are active only at night. 

189. Carrion insects of many kinds, vultures, and magpies are notable 
eaters of carrion. Others are mentioned in the text. 

190. Many brilliantly colored birds such as scarlet tanagers, gold- 
finches, and others lose their brilliant colors after the breeding season is 
ended. 

191. A cotton-tail rabbit plucks hair from its body to line its nest. 

192. Most mammals that are bom naked are blind at birth and others 
such as cats and dogs are also blind when born. 

193. The pileated woodpecker, the raven, prairie hen, heath hen, and 
a few others have become exceedingly rare. The passenger pigeon is 
extinct. 

194. Countershading renders a protection to animals by neutralizing 
shadows, and is discussed fully in the chapter on Color. 

195. The works of von Frisch, von Hess, Williams, Poulton, Peckham, 
and others show definitely that insects do discriminate among colors. 

196. Millipedes and centipedes are described in the chapter on Arthro- 
pods. 

197. Woodpeckers, chimney swifts, and nearly all other climbing birds 
use their tails as props. 

198. A swallow has a much longer tail than a swift. 

199. An electric light bug is the giant water bug which lives in water 
and emerges periodically at night when it is attracted to street lights. 

200. The smallest North American mammal is the Virginia shrew, 
which is less than three inches long. 
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A LIST OF BIOLOGICAL LUPFLY COMPANIES 

Materials needed for courses in Natural Science can be obtained from 
the companies listed below. Several of these dealers are equipped to 
furnish everything that is needed in all biological courses, while others 
specialize in apparatus or preserved material. A number of them publish 
excellent catalogs in which the latest devices for collecting and preserving 
are illustrated. Teachers are urged to write for catalogs because many 
improved methods of conducting general natiin' and biology courses can 
be learned from them. 

The General Biological Supply Company jdu blit. lies the Turtox News in 
which very many helpful suggestions regarding laboratory, Held, and 
classroom teaching are presented regularly. 

Ward’s Natural Science Establishment publishes Warden Bulletin which 
is also informative and helpful. 

The Southern Biological Supply Company publishes Research Studies 
from time to time. These are excellent and helpful scientific treatises 
written in uiidefstandalile language. 

General Biological Supply House 
761-763 East 69th l%ce 
Chicago, Illinois 

(Furnishes all requisites including collecting apparatus, live and 
preserved uiaterial of all kinds.) 

Ward’s Natural Science Establishment, Inc. 

P. O. Box 24 Beechwood Station 
Rochester, N. Y. 

(Specialists in entomological supplies and equipment as well as 
preserved and mounted animals of all kinds.) 

Denoyer-Geppert Co. 

5235-5257 Ravenswood Ave. 

Chicago, Illinois 

(Charts, models, preserved material.) 

Southern Biological Supply Co. 

517 Decatur Street 
New Orleans, La. 

(Specialists in living and preserved marine and fresh-water or- 
ganisms, as well as other material.) 
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Marine Biological Laboratory, Supply Dept. 

Woods Hole, Mass. 

(Marine material, living and preserved.) 

Fisher Scientific Co. 

Forbes Street 
Pittsburgh, Pa. 

(General laboratory eciuipment, glassware, and supplies.) 

Alden H. F orbes Laboratories 
V^estview, 

Pittsburgh, Pa. 

(Preserved ami living material. Specimen mounts, life histories, 
and microscopic slides.) 

American Instrument Co., Inc. 

Washington, D. C. 

(Scientific measuring instruments.) 

American J'rofcssion Supply Co. 

("hicago, Illinois 

(Glassware and laboratory ecjuipment.) 

Triarch Botanical Products 
Ripoii, Wisconsin 
(Botany supplies.) 

Western Biological Laboratory 
University Place 
Lincoln, Nebraska 

(Biological material, living and preserved.) 

Spencer Lens Co. 

Buffalo, N. Y. 

(Projection apparatus, microscopes, magnifiers, etc.) 

Clay-Adams Co., Inc. 

25 East 26th Street 
New York City, N. Y. 

(Charts, models, imported mounts.) 

W. M. Welch Scientific Co. 

1515 Sedgwick Street 
C^iicago, Illinois 

(General apparatus and supplies for all sciences.) 

Standard Scientific Supply Corp. 

34-38 West Fourth St. 

New York City, N. Y. 

(Laboratory apparatus and supplies.) 

Bausch and Lomb Optical Co. 

Rochester. N. V- 
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(Projection apparatus, microscopies, magnifiers, etc.) 

Carl Zeiss, Inc, 

485 Fifth Ave. 

New York City, N. Y. 

(Microscopes, magnifiers, photographic equipment.) 

Biological Supply Co. 

1176 Mt. Hope Ave. 

Rochester, N. Y. 

(Living and preserved material for biology courses.) 

Carolina Biological Supply Co. 

Flon College, North Carolina 
(Marine organisms and general supplies.) 

The Kauffman-Lattimer Co. 

41 East Chestnut St. 

Columbus, Ohio 

(General supplies for biology courses.) 

Central Scientific Co. 

460 East Ohio Street 
Chicago, Illinois 

(Laboratory apparatus and general supplies.) 

Chicago Apparatus Co. 

1735“:1743 No. Ashland Ave. 

Chicago, Illinois 

(Laboratory apparatus and general supplies.) 

Eimc/ and Amend 

Third Ave., 18th to 19th Streets 
New York City, N. Y. 

(Glassware, chemicals.) 

Will Corporation 
Rochester, N. Y. 

(Electrical equipment.) 

E, Leitz, Inc. 

60 East 10th St. 

New York City, N. Y. 

(Microscopes, magnifiers, photographic equipment, etc.; 

New York Biological Supply Co. 

^4 Union Square 

New York City, N. Y. 

(General biological supplies.) 



INDEX 

(Bold face numbers refer to pages on which illustrations appear.) 

A 


Acarina, 251 

Accipitridac, 51, 441 

Aceraceae, 628, 629 

Acipenseridae, 48 

Acontia, 191 

Acrididae, 28, 284 

Adaptations, aquatic, 146, 147 

Adventitious roots, 550 

Aegcridae, 45, 304 

Aequorea, 191 

Aerial animals, 69 

/ - chnidae, 31. 149, 291 

Agassiz, 637 

Age characters, 115 

Agelenidae, 25, 244 

Age of animals, 114 

Aglypha, 405 

Agriolimax, 219 

Agrion, 152 

Agrionidae, 31, 291 

Ailanthus, 627 

Air bladder, 145 

Albatross, 51, 440 

Albinism, 106 

Albinos, 106-108 

Alcedinidae, 52 

Alcidae, 52 

Alder, 621 

Aldorfly, 47, 293 

Aleyrodidae, 34, 314 

Algae, 86, 540 

Allelomorphic characters, 107 
Allen, 435 

Alligator, 49, 115, 122, 402, 427, 428 

Altitude, 78 

Amanita, 542, 668 

Amaurobius, 245 

Ambystoma, 360 , 384, 386 

Ambystomidae, 49, 3^, 390 

Amia calva, 376 

Amnicolidae, 215 

Amphibia, 49, 382 

Amphibians, 118, 360 

Araphineura, 19, 190 


Amphipoda, 22, 195 
Am'phiurna, 360 
Amphiumidac, 49, 383 
Ampullariidac, 212, 215 
Anacardiaceae, 627 
Analgesidac, 26 
Anjiiogy, 13 
Anatidae, 51 
Anatomy, cat, 479, 481 
Anax, 152 
Ancylidae, 19, 212 
Andrenidac, 337 
Angiusperms, 545 
Anguillidae, 48, 377 
Anhingidac, 51 
Animalcules, wheel, 19 
Animal habitats, classification of, 131 
Animal homes, 76 
Animals, 8 
Animals, cave, 141 
of substratum, 72 
pond, 145, 147, 148 
running water, 167 
zoo, 114 
Anisopidae, 323 
Anisopten.. 31 
Annelida, ' . 205 
Anodonta, J .>8, 209 
Anonaceae, 623 
Anophe^»*s, 323 
Anoplura, 36, 295 
Anseriformes, 51, 440 
Answers to questions, 668 
Anteater, 113 
Antelope, 54, 113, 526 
Antelope, pronghorn, 494 
Antennae, types of, 271 
Antennularia, 193 
Antennulcs, 176, 226 
Anther, 557 
Antheridia, 544 
Anthocyanin, 555 
Anthophoridae, 337 
Anthozoa, 192 
Antilocapridae, 54, 494 
Ant-lion, 47, 293, 298 



682 


INDEX 


Ants, 6, 39, 42, 85, 87, 103, 328, 331, 
345 

Ants, Argentine, 332, 348 
black, 332, 346 
carpenter, 332, 349 
com field, 333 
guests of, 349 
harvester, 350 
honey, 360 
leaf cutting, 351 
mound building, 333 
nests of, 347, 647 
red, 332, 361 
slave making, 333, 349 
thief, 332 
velvet, 43 
Anura, 392 
Aphididae, 34, 314 
Aphids, 33, 85, 314, 317, 318 
Aphis, peach, 290, 291 
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Architecture of nests, 66 
Arctic hare, 93, 522 
Arctiidae, 4 &, 299, 304 
Ardeidae, 51 
Argasidae, 26 
Argiopidae, 25, 245 
Argonautidae, 21 
Arion, 219 
Arionidae, 219 
Arista, 269 
Armadillidae, 23 
Armadillo, 54, 113, 494, 506 
Armored catfish, 67 
Arrowhead, 662 


Arthropoda, 21, 193, 224, 232, 258 

Arthropods, characters of, 224-226 

Artiodactyla, 54, 492 

Ascomycetcis, 542 

Asellidae, 22, 163 

Ashes, 631 

Asilidae, 46, 324 

Astacidae, 23 

Aster, New England, 666 

Asteroidea, 48 

Atropidac, 32 

Attidae, 26, 235, 246 

Atypidac, 24 

Auditory organs, 127 

Auks, 52, 441 

Aurelia, 62, 191 

Autotomy, 177, 186 

Autumn coloration, 555 

Aves, 51 

Aviculariidae, 24, 243, 244- 
Axial skeleton, 479 
Axolotl, 360, 390 

B 

Backswimmers, 34, 163 
Bacteria, 542 
Badger, 53, 491, 606, 506 
Balaenidae, 54, 195 
Balaenopteridae, 54 
Balanus, 195 
Balm of Gilead, 619 
Barberry, 9 
Barnacle, 21, 195 
Basidiomycetes, 542 
Bass, 49, 374, 377 
black, 369 
large-mouth, 369 
rock, 3()9 
small mouth, 369 
Bassaricidae, 489 
Basswood, 629 
Bats, 53, 124, 488, 496 
Bdeliidac, 26 
Bear, 53, 113, 489, 501 
black, 502 
cinnamon, 502 
grizzly, 502 
skull of, 477 

Beaver, 54. 124, 472, 491, 510 

Bedbug, 35 

Bee bird, 466 

Beech, 621 

Becfiies, 99 
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Bees, 39, 44, 99, 337, 339 

Bees, bumble, 44, 86, 337, 340, 344 
honey, 45, 338, 343 
legs of, 344 
leaf-cutter, 44 
solitary, 44 

Beetles, 36, 126, 302, 305, 312 

Beetles, anatomy of, 262 
asparagus, 39, 316 
bean, 316 

blister, 38, 271, 302, 312 
bombardier, 307 
brook, 174 
carpet, 305, 316 
carrion, 37, 311, 327 
chestnut, 39, 302, 329 
claviger, 87 

click, 38, 126, 308, 312, 316, 326 

common, 302, 312, 316, 327 

cottonwood, 328 

v.**wling water, 37 

cucumber, 39, 312 

darkling, 39 

death watch, 126 

engraver, 39 

flower, 39, 312 

ground, 36, 307, 327 

ladybird, 39, 308, 316 

larder, 38 

leaf miner, 316 

longhorn, 39, 302, 308, 312 

May, 305 

meal infesting, 305, 331 
milkweed, 126, 308 
passalid, 39, 126, 312 
potato, 39, 316 
predaceous diving, 37, 161 
rove, 38, 306 
saw-tooth, 38, 328 
scarab, 39, 309, 312 
sexton, 311, 327 
skin, 38 
snout, 39 
soldier, 38 

stag, 39, 308, 326, 327 
tiger, 36, 327 
tortoise, 39 
water, 155 

water scavenger, 37, 160 
whirligig, 148, 267 
wood boring, 38, 308 
Bclostomatidae, 34, 152 
Belostomidac. 34, 152 


Belytidae, 41 
Bembccidae, 44, 336, 342 
Bender, 21, 146, 163 
B5te rouge, 251 
Betulaceae, 620 
Biology, 10 
Biramous, 226 
Birch family, 620 
Bird calendar, 466, 669 
Bird flight, speed of, 451 
Birds, 13, 14, 51, 113, 114, 118, 122, 
432, 442, 449, 466 
Birds, beaks or bills of, 444, 446 
body structure of, 443 
classification of, 440 
colors of, 452 
descriptions of, 436 
distribution in a woodlot, 438, 439 
distribution of, 432 
feet of, 444, 447 
flight of, 448 
food of, 455, 468 
migration of, 433, 462 
nests of, 464, 460 
orders of, 440 
perching, 443 
shore, 52 
study of, 432 
tails of, 451 
topography of, 437 
wings of, 447 
Bird studies, held, 436 
Bison, 54, V": 494 
Bittern, 51 
Bivalve, 189 
Blackbird, 53, 443 
Blackbird, red-wing, 442 
Blackfly, 163 
larvae, 175 
Black gum, 630 
Black haw, 632 
Bladdcrwort, 569 
Black snake, 410, 413 
Black widow, 235 
Blatchley, 39 
Blattidno, 29 
Blights, 84, 542 
Blights, ch(*stnut, 84, 539 
white pine blister, 84, 539 
Blob, 365, 372 
Bloodworms, 161 
Blubber, 62, 473 
Bluebird, 53, 443 
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Blue-green algae, 541 
Boa, 50, 405 
Bobcat, 491 
Bobolink, 466 

Bobolink, migration of, 433 
Body temperatures, 62 
Body water, 66 
Boidae, 50, 405 
Bombidae, 45, 337, 340 
Bombycillidae, 53, 443 
Bombyliidae, 46 
Bonc’set, 666 
Booby, 51 
Book lungs, 243 
Botany, 10 
Botflies, 47, 82 
Bothriocephalus, 84 
Bougainvillea, 192 
Bovidae, 54, 494 
Bowfln, 48, 376 
Box turtles, 417, 418, 421 
Brachinus, 307 
Braconidae, 40, 318, 330, 339 
Branchipodidae, 22 
Braulidac, 47 

Breathing, insect, 272, 273 
Breathing, spider, 243 
Breeding cages, 648 
Brevicipitidae, 49,' 392, 399 
Brittle-star, 47, 186, 187 
Brook, 4 

inhabitants of; 131 
Brown algae, 541 
Brown creeper, 52 
Bryales, 543 
Bryophytes, 542 
Bryozoa, 19, 162, 166 
Buckeye, 629 
Buffalo, 494 
Bufonidae, 49, 392 
Bugs, 33-36, 292, 314, 320 
Bugs, ambush, 35, 292, 321 
assassin, 35, 321 
chinch, 35, 321 
electric light, 153 
harlequin, 35 
lace, 35, 186. 321 
leaf, 35 

mealy, 34, 319 
red, 27, 321 
squash, 36, 321 
stilt, 36, 292 
stink, 35, 292, 321 


Bugs, Continued 
water, 163 

water, lesser, 154; egglaying of, 274 
Bulimulidae, 218 
Bullfrog, 49, 398 
Bullhead, 371 

Bumblebee, 86, 337, 340, 344 

Buprestidae, 38, 313 

Burying beetle, 311 

Butcher bird, 53, 443 

Butter and eggs, 669 

Butterflies, 6, 45, 297, 301, 323, 324. 

326 

Butterflies, cabbage, 46, 94, 281, 322 
comma, 313 
four-footed, 46 
fritillary, 318, 319, 321 
habits of, 299 
head of, 313 
monarch, 96, 320 
mourning cloak, 321 
papilio, 314 
pawpaw, 314 
red admiral, 321 
red-spotted purple, 321 
skipper, 315 
swallowtail, 94, 317 
thistle, 314 
tiger swallowtail, 96 
viceroy, 96 
Butternut, 619 
Butterwort, 569 
Buttonwood, 625 

C 

Cacomistles, 489 
Cacti, 671 

Caddis flies, 47, 164, 174, 296 
Caddis flics, cases of, 173 
Caecilians, 382 
Calamistrum, 239 
Calisoma, 307, 327 
Callimomidae, 42 
Callinectes, 186, 194 
Calliphoridae, 47, 260, 322 
Calls of animals, 122 
Calopteryx, 31, 161 
Calyx, 556 
Cambium, 551 
Campanularia, 192 
Campodes, 230 
Camponotus, 332, 349 
Cancer. 194 



INDEX 


685 


Cancridae, 23 
Canidac, 53, 491, 499 
Cantharidac, 38 
Canthon laevis, 309 
Caprimulgidae, 52 
Caprimulgiformcs, 52, 441 
Capsidae, 35 
Carabidae, 36, 307 
Carapace, 417 
Carbon dioxide, 71, 85, 553 
Carcinidae, 194 
Cardinal, 53 
Caribou, 54, 494, 526 
Carnivora, 53, 499 
Carnivorous plants, 561, 567 
Carp, 48, 367 
Carpet beetles, 305, 316 
Carychiidae, 217 
Castor idae, 54, 492, 510 
Catalpa, 631 
Catastomidae, 48, 376 
CatDird, 443, 466 
Caterpillar, lily-leaf, 161 
saddle-back, 276 
woolly bear, 300 
Caterpillars, 91, 94, 111, 300 
Caterpillars, harmful, 299 
tent, 46, 306 
Catfishes, 48, 370 
Cathartidae, 51 
Catkin, 677 
Cats, 124, 491, 501 
Caudata, 49, 383, 392 
Cave animals, 141, 142 
Caves, 139-142 
Caves, fauna of, 141 
life in, 139 

physical characters, 140 
regions in, 140, 141 
Cecidomyiidae, 46, 322 
Cecropia moth, 303 
Cedar, 617 

Cedar waxwing, 53, 466 
Centipedes, 27, 112, 133, 227-229 
Centipede, skein, 27, 227 
Centrarchidac, 49, 367 
Centropagidae, 22 
Ccntniridac, 24 
Cephalopoda, 21, 188 
Cephalothorax, 176, 225 
Cephidae, 328 
Cerambycidae, 39, 126, 308 
C<eraphronidae, 41 


Cerci, 262 

Cercopidae, 33, 275, 295 
Certhiidae, 52, 443 
Cervidae, 54, 494, 523 
Cetacea, 54, 494 
Chaetogastcr, 204 
Chaetopoda, 18 
Chalcid flies, 42, 331 
Chaleididae, 42, 331 
Chalina, 197 
Chamacidac, 53, 443 
Chameleon, 49, 423 
Chapman, 460 
Chara, 541 
Charadriidac, 52 
Charadriiformes, 52, 441 
Chelae, 176 
Chelicerae, 237 
Chelydridae, 49 
Chermidae, 34, 314 
Cherry, fire, 624 
wild black, 624 
Chestnut, 679, 621 
Chewink, 449 
Chickadee, 52, 449 
Chickens, 441 
Chicory, 662 
Chiggers, 82, 296 
Chilopoda, 27 
Chimney swift, 52 
Chipmunk, 53, 491, 606, 508 
Chironomidae, 46, 158, 323, 326 
Chiroptera, 53. 4^ 

Chitin, 224 
Chiton, 19, 19.' 198 
Chlorophyccae, 541 
Chlorophyll 85, 554 
Chloroplasts, 85 
Chokecherry, 625 
Chondrostei, 48 
Chordata, 13, 48 
Christmas trees, 613 
Chromatophoie, 60 
Chrysalis, 277, 299 
Chrysididac, 42, 334 
Chrysomelidae, 39, 158, 311 
Chrysopa, 275, 294 
Chrysopidae, 47, 293 
Chrysops, 159 
Chub, 370, 373, 375 
Cicada, 33, 124, 126, 275, 314 
Cicada, singing cf, 126 
CicadelUdae, 33, 295, 314 
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Cicadidae, 33, 314 
Cicindelidae, 36, 307 
Ciconiidae, 51 
Ciconiiformes, 51, 440 
Cimbex, 329 
Cimbicidae, 40, 329 
Cimicidac, 35 
Cinclidae, 53 
Circinariidae, 217 
Cirripedia, 195 
Citheroniidae, 304, 311 
Cladocera, 22, 146, 162 
Cladophora, 541 
Clams, 20, 21 
Class, 14 

Classification, 12, 16, 17 
Classification of habitats, 131 
Classification scheme, 17-55 
Clavicle, 480 
Clavidae, 18 
Clitellum, 204 
Clothes moth, 304 
Clover, 86 
Clubionidae, 25 
Club mosses, 543, 544 
Coccidae, 34 
Coccids, 85 

Coccinellidae, 38, 308, 316 
Cochineal, 319 
Cochlicopidac, 19, 216 
Cockroach, egg laying of, 274, 287 
Cocoons, 281 * 

Cocoons, escape from, 281 
Coelenterata, 18, 192 
Coelenterates, 186, 190 
Coenagrionidae, 31, 161, 291 
Coercbidae, 53, 443 
Coffee tree, Kentucky, 626 
Colamoceratidac, 47 
Coleoptera, 36-39, 172, 302, 305, 312, 
316, 327 
Collecting, 132 

Collecting, methods of, 644, 647 
CoUembola, 28, 104, 153, 282 
Color, 110 
Color, changing, 60 
clarification of, 98 
Color patterns, 95, 96, 110 
Color, sexual differences, 97 
Coloration, aggressive, ^ 
concealing, 98 
courtship, 100 
recognition> 100 


Coloration, winter, 95 
Colors of animals, 91 
Colors, protective, 98, 99, 101, 

111 

recognition, 97 
signal, 97 
types of, 92 
warning, 92, 100 
Colubridae, 50, 405 
Columbidae, 52 
Columbiformes, 440 
Columella, 188 
Colymbidac, 51 
Colymbiformcs, 51, 441 
Comstock, 39 
Conchology, 12 
Congo cel, 49, 360, 383 
Conopidae, 46 
Conservation, 657 
Convergent evolution, 146 
Convoluta roscoffensis, 86 
Coot, 52, 441 
Copepoda, 21, 146, 162 
Copperhead, 408, 416 
Coraciiformes, 52, 441 
Coral reefs, 191 
Corals, 17, 186, 190 
Coral snakes, 409 
Coreidae, 36, 321 
Corixidae, 34, 152 
Cormorant, 51 
Cornaceae, 630 
Corn borer, 258 
Corolla, 557 
Corrodentia, 32, 293 
Corvidae, 52, 443 
Corydalidae, 47, 172, 293 
Corydalus, 166, 264 
Corymb, 558 
Cossidac, 45, 305 
Cotinga, 443 
Cotingidao, 443 
Cotinus nitida, 283 
Cottidae, 373 
Cougar, 53, 491 
Countershading, 96 
Courtship, 6 
of spiders, 242 
Cowbird, 87 
Coxa, 264 

Coyote, 53, 120, 491, 500 
Crabronidae, 3^ 

Crabs, 21, 23, 186, 193, 195 
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Crabs, blue, 186 , 194 
fiddler, 23, 186 , 195 
ghost, 193 
green, 194 
hairy, 23 

hermit, 23, 87, 186 , 194 

horseshoe, 23 

king, 23, 186 

lady, 194 

land, 23 

mud, 23, 194 

mussel, 193 

oyster, 193 

rock, 23 

sandbug, 194 

spider, 23 

toad, 194 

Craneflies, 46, 169 , 160 
Crane’s bill, 669 
Cranes, 51, 441 

366 

Craspedosoinidae, 27, 230 
Crataegus, 567, 625 
Crayfish, 21, 23, 133 , 175 
Crayfish, Florida, 193 
well digging, 175 
Creepers, 52, 443 
Cribclliim, 237 
Cricetidae, 54, 492, 513 
Crickets, 28, 124, 283, 286 
Crickets, cave, 287 
chirping of, 125 
Crickets, oar of, 286 
mole, 29, 284, 286 
stridulating organ of, 286 
tree, 29, 284 
Cri noidea, 48 
Crinoids, 48, 186 
Cristatella, 19, 167 
Cristatellidae, 19 
Croaking, 121 
Crocodila, 50 

Crocodile, 49, 87, 112, 115, 122, 
427 

Crocodile bird, 87 
Crossbills, 53, 443 
Crotalidae, 50, 406 
Crowing, 122 
Crows, 52, 122, 443 
Crustacea, 21, 119, 161, 175, 193, 
Cryptobranch idae, 29, 383, 391 
Cryptobranchus, 360 
Cryptophagidae, 313 


Ctenidae, 25 
Cuckoos, 52, 441, 466 
Cucujidae, 38, 313 
Cuculiformes, 52, 441 
Culicidae, 46, 158, 322, 323 
Curculionidae, 39 
Cuttle-fish, 21 
Cutworms, 45 
Cyanbphyceae, 541 
Cyanophyll, 554 
Cyclopidac, 22 
Cyclops, 22, 146 , 162 
Cyclostomata, 48 
Cynclidae, 443 
Cynipidae, 41, 328, 330, 344 
Cypridae, 21 
Cyprinidae, 48, 373, 375 
Cypris, 21, 146 , 162 
Cyrenidac, 20 
Cytology, 12 

D 

Dace, 368 , 373, 375 
Daddy-long-legs, 23, 236 
Daisy, oxeye, 669 
Damsel flics, 30, 161 , 152, 291 
Daphnia, 21, 146 , 162 
Daphnidae, 21 
Darter, 49, 51, 366 , 372 
Darwin, 570 
Dasy pod idae, 54 
Datura, 567 
Dead-leaf bn.^erfly. 111 
Dead log ass. ition, 133 
Decapoda, 23 
Deer, 54, 113, 494 
Deer, fainiV, 523 
skull of, 480 
white-tailed, 523 
Defenses of animals, 110, 114 
Deinopidae, 24 
Deliquescent, 600 

402, Delphinidae, 54 
Demodex, 80, 252 
Demodicidac, 26, 252 
Demospongiae, 17 
Dendrocoelum, 18 
Dentaliidae, 21, 198 
Dentine, 479 

224 Dermaptera, 29, 284, 295 
Dermestidae, 38 
Desert flowers, 66 
Desert vegetation, 671 
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Desmognathus, 386, 389 
Devil fish, 188, 198 
Dew, 66 
Diapriidae, 41 
Diaptomus, 22 

Dicotyledons, classification of, 546 

Dictynidae, 24, 245 

Didelphiidae, 53 

Digitigrade, 74 

Dioecious, 558 

Diomedeidae, 51 

Dimorphic flowers, 663 

Diphtheria, 84 

Diplopoda, 27, 229 

Dippers, 53, 443 

Dippers, water, 649 

Diptera, 46, 158, 175, 322 

Dipylidium, 84 

Diseases, insect transmitted, 258 
Dissosteira, 125 
Distribution, vertical, 68 
Diving beetle, 161 
Diving birds, 440 
Diving spider, 241 
Dixidae, 323 
Djukas, 548 

Dobson fly, 47, 166, 172, 264, 293 
Dodder, 84, 578 
Dogs, 123 

Dogs, barking of, 123 
Dogwood, flowering, 679 
Dogwoods, 629 * 

Dolichopodidae, 46, 324 
Dolomedes, 247 
Dolphin, 54, 494 
Dominant character, 107 
Donacia, 157 
Dove, mourning, 466 
Doves, 52, 441 

Dragonflies, 30, 149, 160, 152, 282, 
291 

Dragonfly nymphs, 150 
Drassidae, 25, 247 
Drift line, 184 
^^ones, 338 
Drosera, 567 
Drosophiliillife, 46, 324 
Duckbill, 472 
Ducks, 51, 440 
Dugong, 54 
Dyseridae, 24 
D^iscidae, 37, 155, 313 
D^iscus, 37, 155, 161 


E 

Eagles, 51, 113, 441 
Eardrums, 127 
Earthworms, 18, 202, 204 
Earwig, 29, 284, 295 
Ebenaccac, 631 
Eedysis, 224, 277 
Echidna, 472 
Echinodermata, 47 
Echinoderms, 111, 186 
Echinoidea, 48 
Ecology, 11, 58 
Ectoparasites, 83 
Ectoprocta, 19 
Edentates, 494, 506 
Eel, 48, 370, 377 
Elcl, Congo, 360 
electric, 112 

Egg laying of insects, 274 
Kggs, hatching of, 276 
Elapidae, 406 
Elasmobranchii, 48 
Elasmidae, 42 

Elateridae, 38, 126, 308, 313 
Electric eel, 1 12 
Elephant, 113, 115 
Elk, 54, 494, 525 
Elm, American, 681 
Elms, 622 
Eloactis, 192 
Elodea, 655 
Empididae, 324 
Enallagma, 152 
Encyrtidae, 42 
Encystment, 66, 70 
Eridodontidae, sk), 217 
Entedontidae, 42 
Entomology, 12 
Entomostraca, 164 
Environment, 56 
Environmental factors, 6, 58, 65 
Enzyme, 106 
Ephemerida, 30, 170 
Ephemeridae, 30, 170, 290 
Ephemeroptera, see Ephemerida 
Epigynum, 236 
Epiphytes, 578 
Equisetineae, 543 
Equisetum, 544 
Erethizontidae, 54, 492, 521 
Ericaceae, 630 
Eriophydidae, 26 
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Eristalis, 161 
Erotylidae, 38 
Esocidae, 48, 377 
Esperiopsis, 197 
Euclcidac, 45 
Eudendrium, 193 
Euglandiria^218 
Euglona, 85 

Eulamellibranchiata, 20 
Eulophidac, 42 
Eumcnidao, 43, 335, 342 
Eupelmidae, 42 
Euplexoptcra, 29, 295 
Eurycea, 386, 388 
Eurycinia, 211 
Eurythermal animals, 61 
Euspongia, 197 
Eutima, 191 
Evaniidac, 330 
Evolution, 12 
Fvfiurrent, 600 
Explosive fruits, 574 
Exuvium, 277 
Eyes, compound, 267, 268 
divided, 206 
facets in, 266 
of bees, 268 

of nocturnal animals, 59, 268 

F 

Fab re, 309 
Facial mites, 252 
Fairy shrimp, 164 
Falcon idae, 51 
Falcon iformes, 51, 441 
Falcons, 51, 441 
Families, 14 
Fangs, 409 
Fawns, 91 

Felidae, 53, 491, 501 
Femur, 264 

Fern, life history of, 640 
Ferns, 543 
Fibula, 270 

Field equipment, 638, 639 , 649 , 660 

Field exercise, sample, 643 

Field records, 648 

Field trip, directions for, 639 

Field work, 637 

Figitidae, 41 

Filament, 557 

Filicineae, 543 

Filistatidae, 24, 249 


Finches, 443 
Fins, 361 
Fir, 617 

Fireflies, 38, 104, 310 
Fire pink, 666 
Fish fly, 47, 148 , 172 
Fisher, 53, 504 
Fishes, 112, 115, 118, 358 
Fishes, adaptations of, 359, 361 
breathing of, 363 
features of, 369 
food of, 367 

fresh water, 366 , 368 , 370 , 374 , 377 

hearing of, 127 
puffer, 112 
scales of, 362 
senses of, 366 
swim bladder of, 363 
Fishing worm, 202 
Fish moth, 28, 282, 284 
Flamingo, 51 
Flatworm, 18, 168 
Flea, dog, 78 
human, 78 , 297 
sticktitc, 82, 297 
wat(»r, 22 
Fleas, 84, 296 
Flicker, 52, 443, 466 
Flics, 46, 323 
Flics, bee, 46, 333 
black, 46, 158, 163 , 175, 322 
blow, 47, 275 
dance, 324 
flash, 4V . *^34 
flower, 4( 
fruit, 46, 624 : 
horse, 46, 159, 322 
house, 46 

humped-backed, 46 
long-legged, 46, 324 
midge, 46, 158, 160, 326 
pomace, 46 
robber, 4G, 324, 334 
soldier, 46, 158, 160 
stable, 46, 323, 332 
syrphus, 158, 161 
tachinid, 47 
thick-headed, 16 
warble, 82 
Flycatchers, 52, 443 
Fly sprays, 273 
Flight, animal, 448 
Flower arrangement, 558, 676 , 677 
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Flower clusters, 558 
Flowers, 669, 662, 666 
Flowers, colors of, 558 
insect pollinated, 564 
night blooming, 564 
parts of, 556, 667 
tree, 676, 677, 604 
types of, 575 
wind pollinated, 564 
Flying fishes, 450 
Foot characters, 14 
Forel, 352 
Forficulidae, 30 
Formicidae, 42, 331 
Fossils, 526 
Fossils, cave, 139 
Fox, gray, 499 
kit, 500 
red, 500, 606 
skull of, 478 
Foxes, 53, 491 
Foxfire, 105 
Fregatidae, 51 
Frigate bird, 51 
Fringillidae, 53, 443 
Frog, 112, 115, 392, 398 
Frog, Anderson's tree, 397 
bull, 393, 398 
cricket, 396, 397 
croaking of, 393 
eggs of, 394 
features of, 382 
grass, 398 
green, 49, 392 
leopard, 49, 394, 398 
pickerel, 49, 398 
spring peeper, 391, 396 
swamp tree, 397 
tailed, 392 
tree, 49, 396 
wood, 396, 399 
Froghopper, 33, 294, 314, 318 
Frond, 543 
Fulgoridae, 33 
Fungi, 541, 668 
Fruit, 604 

Fruit, aggregate, 606 
capsule, ffi6 
coUective, 606 
cone, 606 
drupe, 605 
dry, 604 
fleshy, 604 


Fruit, Continued 
follicle, 606 
kinds of, 604-606, 608 
legume, 606 
nut, 6C6 
pome, 605 
samara, 606 

G 

Galap>agos, 486 
Galea, 263 
Galcrucella, 158 
Galliformes, 51, 441 
Gallinule, 52, 448 
Gall makers, 585, 592 
Galls, kinds of, 686, 688, 690 
Gamasidac, 26 
Gamecocks, 113 
Gammarldac, 22 
Gammarus, 22, 163 
Gannet, 51 
Garpike, 48, 376 
Garter snakes, 411 
Gases, 71 

Gases in water, 148 
Gasterosteridae, 48, 371 
Gastropoda, 19, 211 
Gaviidae, 51 
Gaviiformes, 51, 440 
Gecko, 424 
Geese, 51 
Gckkonidae, 426 
Genitalia, 262 
Genus, 14 

Geographical turtle, 424 
Geometridac, 45, 304 
Geometrid moths, 304 
Geomyidae, 53, 510 
Geophilidae, 27, 228 
Geophilus, 228 
Geranium, wild, 669 
Gerridae, 35, 146, 321 
Gestation period, 115 
Gestation period, table of, 117-119 
Giant water bug, 34, 163 
Gila monster, 426 
Gills, 263 
Gills, caudal, 152 
rectal, 150 
Giraffe, 113 
Glass snake, 426 
Glauconidae, 50, 405 
Glochidia, 83, 168, 169 
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Glossa, 263 
Glossiphor.iidae, 19 
Gnatcatchcrs, 53, 443 
Gnathobdellidae, 19 
Gnats, 46, 326 
Gnats, buffalo, 46 
fungus, 46 
gall, 46 
Goat«, 54 

Golden rod, early, 669 
Goldfinch, 53 
Goldfish, 48, 374 
Gonangia, 193 
Goniobasis, 215 
Gonionemus, 191, 193 
Gopher, 53, 72 , 491, 510 
Gordiacea, 18 
Gordiidae, 18 
Gossamer, 240 
Grasshoppers, 28, 125, 286 
Gi '’^’hoppers, egg laying of, 274, 276 
external features of, 260 
head of, 264 
mouth parts of, 264 
Grantia, 197 
Gravity, 76-78 
Grebes, 14, 51, 440 
Green algae, 541 
Grosbeak, 53, 443 
Grosbeak, rose-breasted, 456 
Grouse, drumming of, 123 
ruffed, 51 

Growth of trees, 599 
Gruiformes, 51, 441 
Gryllidac, 29, 283 
Gulls, 52, 441 

Gyrinidae, 37, 126, 148 , 155 
Gymnosperms, 545 
Gypsy moth, 258 
Gyropidae, 32 

H 

Hackberry, 622 
Hairworms, 18 
Halicondria, 197 
Halictidac, 44, 337 
Haliplidae, 37, 155, 313 
Halobates, 196 
Hal teres, 262, 268 
Hamamelidaceae, 624 
Hamuli, 269, 270 
Hand screen, 660 
Haplotrematidae, 20, 218 


Hares, 54 
Hares, arctic, 522 
Harvestmen, 24, 236 , 250 
Hawk, 51, 113, 122, 441 
Hawk, sparrow, 442 
Hawthorn, 625 
Hazelnut, 621 
Head, flower, 558 
Hearing, 127 
Hedge apple, 622 
Hedgehog, 54 
Hegncr, 191 
Helicidac, 20, 217 
Helicinia, 218 
Helicinidae, 217 
Helix, 217 

Hellbender, 49, 360 , 383, 391 
Hellgrammite, 166 , 172 
Helminthology, 12 
Helodermatidae, 425 
Heloridac;, 41 

Ilemiptera, 34, 146 , 152, 292 , 320 
Hemlock, 617 
Hepaticac, 543 
Hepialidae, 45 
Hercules club, 629 
Heron, 51, 441 
Herpetology, 12 
Herpobdellidae, 19 
Hesperiidae, 46, 299, 301, 316 
Heterocera, 45, 297 
Hoteromyidae, 491, 510 
Hibernation, 60, 3M 
Hickories, ’ 

Hippoboscid. ", 47 
Hippocampus, 199 
Hippospc'ngia, 197 
Hirudinea, 19 
Ilirudinidae, 52, 443 
Hirudo, 166 
Histeridae, 38 
Hoaetzin, 448 
Hog-nosed snake, 409, 414 
Holothuroidea, 48 
Holly, 628 
Homes, animal, 76 
Homoiotherms, 6l. 472 
Homology, 13 
Homoptcra, 33, 295, 314 
Honey bee, 338, 343 
Honey bee, swarming of, 338 
Honey creeper, 53 
Honey locust, 626 
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Hookworm, 84 
Hornbeams, 620 
Horned toad, 386 , 427 
Hornet, 340 
Horntuil, 40, 336 
Horse chestnut, 629 
Horsefly, 168 , 159 
Horses, 113, 124 
Horse-hair snakes, 204 
Horseshoe crab, 195 
Horsetails, 543 
House nake, 412 
Howard, 293 
Humidity, 67 
Hummingbird, 52, 441 
Hyacinth, water, 655 
Hyalella, 22, 164 
Hybocodon, 193 
Hydra, 18, 131 
Hydrachna, 165 
Hydrachnidac, 26, 165 
Hydrangea, 555 
Hydranths, 192 
Hydrobatidae, 35, 165 
Hydrornctridae, 152 
Hydrophilidac, 37, 126, 155-157, 160 , 
313 

Hydropsychidae, 47 
Hydrozoa, 18, 192 * 

Hylidae, 49, 392, 396 
Hymenoptera, 39, 326 
Hypermetamorphosis, 278 
Hyperparasites, 84 
Hypochilidae, 24 

I 

[baliidae, 41 
Ibis, 51 

Ichneumon fly, 337 
Ichneumonidac, 41, 330 
Ichthyobdcllidae, 19 
Ichthyology, 12 
Icteridae, 53, 443 
Iguana, 50, 422 
Iguanidae, 50, 425 
Imago, 281 
Impatiens, 66|||^ 574 
Imperial moth, 300 
Inflorescence, «558 
Insecta, 28-47, 224 . 

Insecticides, 273 
Insectivora, 53, 489, 498 
Insects, 86, 124. 258 


Insects, benefits of, 261 
boxes, 646 

characters of, 261-263 
damage done by, 260 
development of, 273 
eggs of, 273, 274 
eyes of, 266, 267 
gall making, 41, 344 
humming of, 125 
killing of, 648 
legs of, 264 

mounting of, 640 , 641 , 649 
mouthparts of, 263, 266 , 266 
scale, 33, 314, 319 
sexual differences, 269 
spittle, 33, 275 
water, 148 
Instar, 277 
Interrelationships, 57 
Iris, pollination of, 561, 670 
Ischyropsalidae, 251 
Isopoda, 22, 195 
Isoptera, 32, 287 
Ivy, poison, 669 
Ixodidae, 26 

j 

Jacana, 441 
Jaguar, 53, 491, 501 
Japanese beetle, 258 
Jassidae, 33 
Jay, 52, 122, 443 
Jay, blue, 442 

Jellyfishes, 18, 111, 114, 190 
Jewel weed, 666 
Johnston's organ, 127 
Juglandaceae, 619 
Jugum, 270 
Julidae, 27, 229 
Julus, 229 
Jumping mice, 493 
Jumping spiders, 240, 246 
June berry, 625 

K 

Kallima, 97 

Kalmia, 9, 662 , 563, 630 
Kangaroo, 53 
Kangaroo mouse, 493 
Katydids, 28, 124 
Killifish, 366 , 370 
King bird, 52, 466 
Kingfisher, 52, 441 
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Kinglet, 53, 443 
Kinglet, golden-crowned, 53 
Kinosternidae, 49 
Kiwi, 14 
Kogiidae, 54 

L 

Labium, 263 
Labrum, 263 
Lace-wing, 47, 293, 294 
Lacc-wing, life history of, 276 
Lachnosterna fusca, 309 
Lacinia, 263 
I^dybug, 38 
Lagomorpha, 54 
Tjampreys, 48, 83, 358, 368 
Lampsilis, 211 

Lampyridac, 38, 104, 306, 310 
Land bridges, 486 
Laniidae, 53, 443 
La^wlt, 617 
Laridac, 52 
Jjark, homed, 52 
Larks, 52, 443 
Larridae, 336 
Larvae, insect, 278 
types of, 279 
Lasiocampidae, 46, 305 
Latrodcctus, 244 
liauraceae, 624 
Laurel, 562, 630 
Leaf butterfly. 111 
Leaf hopper, 33, 314 
Leaf margins, 554 
Leaf miner, 316 
Leaf movement, 554 
Loaf roller, 45 
Leaf scars, 606 
Leaves, characters of, 603 
functions of, 553, 602 
shapes of, 603 
Leeches, 19, 83, 139, 166 
Legs, adaptive radiation in insects, 
265 

Leguminosae, 626 
Lepidoptcra, 45, 297 
Lepismaticlae, 28, 282 
Lepisosteidae, 48, 376 
Leporidae, 54, 492, 521 
Leptinotarsa decimlineata, 311 
I^eptoceridae, 47 
Leptodora, 163 
Leptodoridae, 22 


Leptotyphlopidae, 50, 405 
Leucosolenia, 197 
Leucospidac, 42 
Libellula, 150, 152, 291 
Libeilulidac, 31, 149, 291 
Lice, 82, 84, 295 
liice, bee, 47 
biting bird, 32, 294 
blood sucking, 36 
book, 32 
com root, 85 
cottony, 34 
crab, 78 

plant, 34, 85, 314 
poultry, 32 
Lichens, 543 

Life span of animals, 110 
Life span, table of, 1 17-119 
Light, 58 

Light receptors, 60 
Lightning bug, 38 
Limacidae, 20, 219 
Limax, 219 

Limits of adjustment, 6 
Limnadiidac, 22 
Limnophilidae, 47 
Limpet, 19 
Limpkin, 52 
Limuliidae, 23, 195 
Limulus, 23, 195 
Linden, 629 

Linyphiidae, 25, 244, 245 
Lions, 113 
Liopelmidae, ^2 
Liotheidae, 31: 

Lithobiidac, 27, 228 
Lithobius, 229 
Litters, table of, 117-119 
Liverworts, 543 
Lizard, fence, 49 
horned, 427 
six-lined, 425 

Lizards, 6, 49, 83, 113, 402i 

421 

Lobster, 21, 23 
Locomotion, 73 
Locust, 28, 125, 274, 284 
Locust, black, Ml 
Locustidae, 28, 284 
Locusts, 626 
Loliginidae, 21, 188 
Ix)ligo, 189 
Loons, 14, 51, 440 
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Louse, carp, 82 
crab, 78 
dog, 78 

Lucanidae, 30, 308 

Luciferase, 106 

Luciferin, 106 

Lull, 146 

Lumbricidae, 18 

Luminescence, 102, 104 

Luminescence, function of, 106 

Luna moth, 303 

Lung books, 243 

Lutz, 39, 293 

Lycaenidae, 46, 94, 298, 303 
Lycopodineae, 543 
Lycosidae, 26, 246 
Lygaeidae, 35, 321 
Lymantriidac, 45, 304 
Lymnaeidae, 19, 214 
Lynx, 53, 491 
Lysiopetalidae, 28, 230 

M 

Machilidae, 28, 282 
Magicicada, 315 
Maggots, 322 
Magnolias, 623 
Magpies, 443 
Maiidae, 23 
Mallophaga, 32, 294 
Mammalia, 53 * 

Mammalogy, 12 

Mammals, 53, 113, 117, 471, 493,606 
Mammals, characters of, 471 
classification of, 485 
distribution of, 485 
egg laying, 472 
habitats of, 482 
hair of, 473 
homes of, 482 
native, 493, 606 
orders of, 488 
skeleton of, 479, 481 
study of, 471 
teeth of, 475 
^ tracks o%>490 
Mammary glands, 472 
Manatee, 54 
Mandible, insect,^ 263 
MandriU, 672 
Man-o -war, 51 
Mantidae, 29 
Mantis. 28. 286, 289 


Mantis, egg laying of, 274 
Maples, 628 
Margaritanidae, 211 
Margaritiidae, 20 
Marmot, 491 
Marsupialia, 53, 488, 495 
Marten, 53, 489, 504 
Maxillae, 263, 266 
Maximum, 56 

May fly, 30, 164, 169, 267, 290 
Meadow larks, 443, 449 
Measuring worm, 96 
Mecoptera, 47, 295 
Medicinal plants, 547, 548 
Medullary rays, 551 
Medusae, 192 
Megachilidae, 44 
Megalopygidae, 45, 305 
Megalornithidac, 51 
Megarrhysa, 41, 330 
Melanophore, 60 
Meleagridae, 51 
Meloidae, 38, 306 
Membracidae, 33, 100, 296, 314 
Mcmbracids, 318 
Mendolian crossing, 107 
Mentum, 263 
Metagenesis, 192 
Metamorphosis of insects, 277 
Methods of study, 637-658 
of tree study, 612 
Metridium, 192 
Mice, 53, 491, see Mouse 
Microbraeon, 339 
Micropodiidac, 52 
Micropv)diiformes, 52, 441 
Micropterygidae, 45 
Migration, routes of, 433 
Milfoil, 669 
Milk snake, 412 
Milk snake, virieties of, 412 
Milkweed, 659, 569 
Miller’s thumb, 49, 366, 372 
Millip^es, 27, 112, 133, 224, 226, 227 
Mimetidae, 25 
Mimicry, 96, 96, 99, 111 
Mimidae, 53, i !3. 

Mimosa, 9 
Minimum, 56 
Mink, 489, 504 
Mink, skull of, 478 
Minnows, 48, 373 
Miridae, 35 
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Mistletoe, 84 
Mites, 23, 26, 82, 251 
Mites, beetle, 26 
bird, 26 
facial, 26, 82 
follicle, 82 
gall forming, 26 
harvest, 26, 82, 251 
house, 26 
itch, 26, 82, 251 
predatory, 26 
red, 82 
scavenger, 26 
snout, 26 
water, 26, 165 
Mniotiltidae, 53, 443 
Moccasin, 415 
Mockingbird, 53, 443 
Moles, 53, 97, 489, 493, 498 
Mn|p, star-nosed, 606 
Moiiusca, 19 

Mollusks, 19, 111, 188, 198, 206, 
220 

Monkeys, 114, 123 
Monaxida, 17 

Monocotyledons, classiheation of, 
547 

Moose, 54, 494, 525 
Morphology, 11 
Mosaic vision, 268 
Mosquitoes, 46, 167 , 159 
eggs of, 276 
Moss animals, 19, 166 
Mosses, 543 
Motacillidac, 53, 443 
Moth, 45, 114, 297, 304, 310 
Moth, apple tent caterpillar, 304 , 
306 

cecropia, 281, 303 , 305 
chersis sphinx, 308 
hummingbird, 307 
imperial, 300 
leopard, 45, 304 
luna, 94, 281, 303 
oak-slug, 45 
peach tree borer, 313 
polyphemus, 281, 300 
promethia, 281, 299 
regal, 311 
royal, 46, 311 
silkworm, 46 
striped sphinx, 309 
tigpr. 46 


Moth, Continued 
tomato worm, 308 
waved sphinx, 307 
Moths, bagworm, 45 
bag worm, cases of, 306 
carpenter, 45 
clear-wing, 45 
clothes, 45 
coddling, 45 
flannel, 45 
leaf-roller, 45 
snout, 45 
sphinx, 45 
tussock, 45 
Moulds, 542 

Mountain ash, American, 625 
Mountain lion, 484 , 491 
Mounting insects, 640 , 641 , 649 
Mouse, deer, 54, 493 , 519 
jumping, 54, 493 , 519 
lemming, 514 
meadow, 54, 493 , 515 
native, 513 
pocket, 510 
red-backed, 54, 514 
Mouthparts, mandibulatc, 264 
roach, 266 
suctorial, 264 

Mud puppy, 49, 360 , 383, 391 
Mud turtle, 420 
Mulberry, 622 
Mules, 124, 673 
Muridac, 53, M2, 518 
Murres, 52, 4 
Musci, 543 
Muscldae, 46, 321 
Mushroom^, edible, 668 
poisonous, 668 
Muskollunge, 366 , 378 
Muskrat, 54, 476 , 493 
Muskrat, home of, 517 
Musk turtk*. 419 , 420 
Mussel, features of, 167 
larvae of, 168 

Mussels, 20, 170 , 208, 211, 213 
Mustelidiie, 53, 503 
Mutillidae, 43, 33!'‘ 
Mycotophilidae, 46, 326 
Mycetozoa, 542 
Mymaridae, 42 
MyriapiKla, 27, 224 
M^nmu leonidac, 47, 293 
Myxomycetes, 542 
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Nabidae, 35 
Naiads, 168 
Naididae, 204 
Names of animals, 15 
Nasturtium, 580 
Nature study, 5 
Nature study, scope of, 6 
Naucoridae, 152 
Nautilidae, 21 
Nautilu^<, chambered, 21 
Necrophorus, 313 
Necturus, 49, 360, 383, 391 
Needham, 291 
Neididac, 36, 321 
Nemastomatidae, 24, 251 
Nemathelminthes, 18 
Nematocyst, 111, 190 
Nepa, 154 

Nepidae, 35, 152, 321 
Nereidae, 18 
Nereis, 18, 199 
Nesting habits of birds, 460 
Nests, architecture of, 76 
birds’, 460 
Nets, types of, 638 
Neuroptera, 47, 172^ 293 
Newt, Vermillion spotted, 384, 387 
Newts, 383, 384, 387 
Nictitating membrane, 147 
J^Tighthawk, 52, 441 
Noctiluca, 104 
Noctuidae, 45 
Nocturnal animals, 59 
Noise of the sea, 189 
Notodontidae, 45, 305 
Notonectidae, 34, 152, 321 
Nuthatches, 52, 443 
Nutrition, 9 
Nymphalidae, 46, 301 
Nymphs, damselfly, 161, 152 
dragonfly, 149 
Nymphula, 161 

O 

Oak borer, 886 
Oak, pin, 681 
Oaks, 621 
Obelia, 192 
Obovaria, 211 

Ocean beach, animals of, 183 
Oceanitidae, 51 
Ocelli, 267 , 268 


Ocelot, 53, 501 
Ochotonidae, 54, 492 
Octopododidae, 21 
Octopus, 21, 1^, 198 
Ocypodidac, 23 
Odobenidae, 491 
Odonata, 30, 291 
Oecobiidae, 24 
Ocstridac, 47, 322 
Offspring, number of, 117 
Oleaceae, 631 
Olethrcutidae, 45 
Olfactory pits of insects, 271 
Oligochaeta, 18, 204 
Ommatidium, 267 
Oniscidae, 23 
Oonopidae, 24 
Operculum, 216 
Ophidia, 50 
Ophiuroidea, 48 
Opisthoglypha, 406 
Opossum, 53, 488, 493, 495 
Optimum, 56 
Orb weavers, 245 
Orchestiidac, 22 
Order, 14 

Orders of insects, 282 
Oribatidae, 26 
Oriole, Baltimore, 449 
Orioles, 53, 443 
Ornithology, 12 
Orthoptera, 28, 283 
Oryssidae, 40 
Osage orange, 622 
Ostracoda, 21, 162 
Ostrich, 14, 102, 113 
Otariidae, 491 
Otter, 53, 489, 504, 606 
Otter, skull of, 478 
Ovalipcs, 194 
Ovary, 557 
Ovipary, 364 
Owls, 52, 443 
Owls, barn, 52 
barred, 52 

great-homed, 52, 449 
screech, 52 
Oxalis, 574 
Oxybelidae, 336 

P 

Paguridae, 23, 195 
Pagurus, 195 
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Palaemonidae, 23 
Palaeontology, 12 
Palpiger, 263 
Palpus, 156, 263 
Paludicella, 19 
Paludicellidae, 19 
Pamphiliidae, 40 
Panicle, 558 
Panopeus, 194 
Panorpidac, 47 
Papilio marcellus, 314 
philenor, 301 
polyxenes, 301, 317 
troilus, 277, 301 
turnus, 301 
Papilionidac, 46, 301 
Paraglossa, 263 
Parakeet, 52 
Parapodia, 199 
Parasita, 36 
i^arasiic, beaver, 37, 82 
Parasites, 79, 81, 83 
Parasites, ofTects of, 83 
kinds of, 80 
Parasitism, 79, 81 
Parenchyma, 551 
Paridac, 52, 443 
Parnassius., 301 
Parnidac, 174 
Parthcnogcn(\sis, 317 
Pasallidac, 39 
Passeriformes, 443 
Pearl organs, 373 
Pearls, 290 
Pearsc, 133 
Peccaries, 54, 113, 494 
Pcctinatolla, 19, 167 
Pedipalpi, 242 
Peduncle, 556 
Pelccinidae, 41, 331, 338 
Pelecypoda, 20, 189 
Pelican, 51, 440 
Pelican idae, 51 
Pelicaniformes, 51, 440 
Pelidnota punctata, 309, 312 
Pelobatidae, 49, 392, 396 
Pcltoperla, 170 
Penguin, 14, 448 
Pennaria, 193 
Pentatomidae, 35, 321 
Perch, 49, 358, 374 
Perch, log. 169, 361, 369, 370 
Perciclae, 49 


Perdicidae, 51 
Perilampidae, 42 
Perlidae, 32, 169 
Persimmon, 631 
Petal, 557 
Petrel, 51, 440 
Phaeophyceae, 541 
Phaethontidae, 51 
Phagocata, 18 
Phalacrocoracidae, 51 
Phalangida, 24 
Phalangididae, 251 
Phalangiidae, 24, 243, 250 
Phalaropes, 52, 441 
Pharmacopeia, U. S., 548 
Phasianidae, 51 
Phasmidae, 29 
Pheasant, ring-necked, 51 
Pheasants, 441 
Phiianthidae, 336 
Philogonatidae, 53 
Philomicus, 218 
Philomycidae, 20, 219 
Philopotamidae, 47 
Philopteridae, 32 
Phloem, 551 
Phloethripidae, 33 
Phocidae, 54, 491 
Phoebe, 442 
Phoenicopteridae, 51 
Pholcidae, 25 
Phoridae, 46 
Phosphore8C''T;,?e, 103 
Photogeny, £ ' 
Photosynthesis, 9, 553 
Phototropism, 58 
Phryganeiv!ae, 47 
Phycomycetes, 542 
Phylactolaemata, 19 
Phyllopoda, 22, 164 
Phyllostomidae, 53, 498 
Phylum, 13 
Phymatidae, 35, 321 
Physidae, 19, 214 
Physiology, 11 
Physopoda, 32, 294 
Piciformes, 443 
Pickerel, 366 , 378 
Pickering’s toad, 396 
Pieridae, 46, 301 
* Pigeons, 52, 441 
Pika, 54, 605 
Pike, 48, 866 , 870 , 376 
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Pill bug, 22 
Pilmunidae, 23 
Pilot snake, 410, 414 
Pinaceae, 617 
Pines, 617 

Pinnipedia, 54, 491, 503 
Pinnotheres, 193 
Pipits, 53, 443 
Pisauridac, 26, 247 
Pisces, 48 
Pisidiuin, 211 
Pistil, 557 
Pit vipers, 408 
Pitcher plant, 567 
Pith, types of, 606 
Placenta, 473 
Planaria, 18 
Planariidae, 18 
Plane tree, 625 
Planorbidae, 19, 214 
Plantigrade, 74 
Plants, 6, 8 

Plants, adaptations of, 565 
aquarium, 655 
as living organisms, 539 
climbing, 577 
distribution of, 132 
edible, 547 
flowering, 545 
galls of, 584 
groups of, 539 * 

• medicinal, 547 
names of, 580 
parasitic, 578 
parts of, 549 

protective devices of, 565 
Plant studies, field, 657 
Plastron, 417 
Plathemis. 150 
Platygastridae, 41 
Platyhelminthes, 18 
Platypsyllidae, 37 
Platypus, 472 
Plecoptera, 31, 290 
Plethodon, 389 
PlethodontUlae, 49, 383 
Pleurocera, 215 
Pleuroceridae, 20, 215 
Plover^ 52^ 441 
Plover, go\den, Tn\gra\Acm o\, 
Plumatella, 19, 167 
Plumatellidae, 19, 167 
Poikilotherm, 61 
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Poison, spider, 232 
Poisonous snakes, 408 
Polistes, 336 
Pollen, 560 
Pollination, 560 
Polycentropidae, 47 
Polychaeta, 18 
Polydesmidae, 27, 133, 230 
Polydcsmus, 230 
Polyembryony, 274 
Polygyra, 217 
Polymorphism, 192 
Polyphemus moth, 300 
Polyxenidac, 28, 230 
Polyxcnus, 230 
Polyzoniidae, 27, 230 
Polyzoniuin, 230 
•Pompilidac, 337 
Pond animals, 146 
Ponds, 7 

Ponds, types of, 147 
Pond scum, 541 
Poplar, Lombardy, 679 
Poplars, 618 

Porcupine, 54, 113, 492, 521 
Porifera, 17 
Porpoises, 494 
Portunidae, 23 
Potato bug, 311 
Pout, 371 
Prairie dog, 510 
Pratt, 230 
Prawn, 23 
Preserving, 647 
Primrose, Chinese, 663 
Prionidac, 39, 308 
Prion us laticollis, 308, 312 
Procollariformes, 51, 440 
Pi*octotrupids, 41, 331 
P^ocyonidae, 53, 489, 502 
Prolegs, 263 
Pronghorn, 54 
Pronuba moth, 86, 561 
Protective resemblance, 96 
Proteidae, 49, 383, 391 
Proteroglypha, 406 
Prothallus of fern, 540 
Protozoa, 17 
Protozoology, 12 
'P««LTcvTnoe\\aT\Aae, VI, 

Psenidae, 336 
Psittaciformes, 52 
Psocidae, 32 
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Psocoptera, 32, 293 
Psychidae, 45, 305 
Psychodidae, 46, 324 
Psyllidac, 34 
Pteridophytes, 543 
Pteromalidae, 42 
Pteronarcidae, 32, 170 
Ptilogonatidae, 443 
Ptinidae, 126 
Puff adder, 409 
Puff balls, 542 
Puffins, 52 
Pulmonata, 19, 212 
Pul villi, 266 
Pulvini, 554 
Pumping sacs, 273 
Pupa, 280 

Pupae, types of, 280 
Piipillidae, 19, 217 
Pussmoth, 101 
ryiaiuiae, 45, 304 
Pyrocystis, 104 
Pyrophorus, 103, 311 
Pyrrhocoridae, 321 
Python, 50 

Q 

Quadrula, 211 
Quail, 51, 441 
Quo(m bee, 338 
Questions about nature, 

R 

Rabbit, jack, 523 
skull of, 478 
snowshoe, 522 
Rabbits, 54, 491, 521 
Raccoon, 489, 502 
Riieeme, 558 
Riidula of snail, 212 
Rails, 51, 441 
Ranatra, 154, 166 
Ranidac, 49, 392, 398 
Rat, Alexandria, 519 
black, 519 
cave, 506 
.kangaroo, 491 
native, 513 
. Norway', 518 
Old World, 518 
pocket, 491, 510 
wo')d, 505 , 516 
Rathkea, 193 


Rats, 53, 491 
Rattlesnake, 50, 416 
Rays, 48 
Rcamur, 352 
Rectal gills, 150 
Redbud, 626 
Rcdfin, 368, 373 
Redstart, migration of, 433 
Reduvifdae, 35, 321 
Reptiles, 49, 119, 122, 402 
Reptilia, 49 
Respiration, 9 
Rhachiancctidae, 54 
Rhizome, 553 
Rhopaloccra, 297 
Rhyacophilidae, 47 
Rhyncobdellida, 19 
Rhyncolophidae, 26 
Rhyncophora, 39 
Rhyphidae, 323 
Ringworm, 84 
Roach, 28, 286, 287 
mouth parts of, 266 
Robber fly, 324, 334, 335 
Robin, 14, 53, 442 
Roden tia, 53, 491 
Rodents, 124, 506 
Rooster, crowing of, 122 
Roots, 549 
Rosaceae, 624 

663 Rose chafer, 309 

Rose family, 624 
Rotifera, 19 
Rust, 84, 542 
Rust, wheat, j 


S 

Sac fungi, 542 
Sagittaria, 662 
Salamander, coral red, 388 
dusky, 389 
four-toed, 389 
Jefferson’s, 390 
larva of, 388 
marbled, 49 
mottled, 386, 390 
purple, 388 
teeth of, 386 
tiger, 49, 39U 
two-lined, 388 

Salamanders, 49, 92, 360 , 383, 387 
Salamandridite, 49, 383, 387 
Salicaceae, 619 
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m 

Salienta, 383, 392 
Salmon, 48 
Salmonidae, 48, 375 
Salt water aquarium, 200 
Sand dollar, 47, 186, 187 
Sand dune, 10 
Sandpipe :, 52, 441 
Sand worm, 18, 199 
Sap, 550 

Sapindaceae, 629 
Sapropljytea, 10, 541 
Sapsucker, 52, 442, 443 
Sarcophagidae, 47, 322 
Sarcoptidac, 26 
Sarracenia, 567 
Sassafras, 623 
Saturn iidac, 46, 305 
Sawflics, 40, 328, 336 
Scale insects, 34, 314, 319 
Scaphopoda, 21 
Scapula, 480 
Scarab beetles, 309 
Scarabaeidac, 39, 309 
Scelionidae, 41 
Scientific names, 15, 580 
Scincidae, 50 
Sciuridae, 53, 491, 507 
Scolopacidae, 52 
Scolopcryptos, 229 
Scolopendra, ^9 
^Scolopendridae, 27, 229 
^olytidae, 39, 313 
Scorpion flies, 47, 295, 297 
Scorpionidae, 23 
Scorpion, water, 35 
Scorpions, 23, 252 
Scott, 486 
Scuds, 22, 146 
Scutigera, 227, 228 
Scutigeridae, 27 
Scyphozoa, 190 
Scytodidae, 25 
Sea anemone, 87, 191 
Sea cucumber, 48, 187 
Sea horse, 49, 199 
Sea lily, 48#183 
Sea lion, 491 
Seals, 54, 491, 503 
Seashore animals,^ 186, 108 
Sea snail, egg mass of, 189 
Sea spider, 196 
Sea urchin, 47, 187 
Seed dispersal. 666, 570 


Seminar, nature study, 659 
Senses of fishes, 366 
Sense organs, 127 
Scnsilla, 127 
Sensitive fern, 544 
Sensitive plant, 9 
Sepal, 556 
Sepiidae, 21 
Sepiolidae, 21 
Sericostomatidae, 47 
Serpentes, 50 
Sesiidae, 304 
Setae, 203 

Seventeen-year locust, 314 
Shadbush, 625 
Sharks, 48, 87, 183 
Shearwater, 51 
Sheep, 54, 113 
Sheep tick, 82, 274 
Shelford, 133 
Shell structure, 208 
Shiner, 373 
Shivering, 62 
Shrew, long-tailed, 493 
short-tailed, 493 
Shrews, 53, 489, 499 
Shrike, 443 
Shrimp, 21, 164 
Sialidae, 47, 293 
Sibine stimulea, 276, 299 
Silene, 666, 572 
Silk, 281 

Silphidae, 37, 311 
Siluridae, 48 
Silviidae, 443 
Simuliidae, 46, 158, 322 
Siphonaptera, 296 
Siren, 49, 360 
Sirenia, 54, 495 
Sirenidae, 49, 383 
Siricidae, 40, 329 
Sittidae, 52, 443 
Skink, 425 

Skunk, 53, 92, 113, 489, 504 
Skunk cabbage, 551 
Slime moulds, 542 
Sloth, 113 
Slugs, 19, 218 
Smoky wing, 152 
Snail, features of, 188 
carnivorous, 218 
Snails, 19, 218 
Snails, land, 20, 807» 215 
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Snails, CorUintied 
land, key to, 219 
water, 210 

Snake, black, 50, 413 
burrowing, 50 
charming, 403 
copperhead, 415, 416 
DeKay’s, 408 
garter, 50, 411, 413 
green, 411 
hog-nosed, 409, 414 
house, 411, 412 
king, 412 
milk, 50, 411, 412 
moccasin, 51 
northern green, 406 
pilot, 410, 414 
rattle, 416 

red-bellied water, 413 
ring-neck, 407, 411 
&ni.l;cs. 49, 83, 112, 114, 115, 122, 402 
Snakes, eggs of, 405 
feeding of, 407 
locomotion of, 406 
non-poisonous, 408 
poisonous, 408 
scales of, 402 
superstitions about, 404 
water, 50, 412 
Snipe, 52, 441 
Soaring, 450 
Soil water, 68 
Soricidac, 53, 489, 499 
Sorrel tree, 630 

Sound, function of, production of, re- 
ception of, 120-128 
transmission of, 71 
Sowbug, 21, 22 
Sparrows, 53, 443 
Species, 14 
Spectrum, color, 93 
Spermatophytes, 545 
Sphacriidae, 21, 211 
Sphagnales, 543 
Sphagnum moss, 543 
Sphecidae, 44, 336 
Sphex, 337 

Sphingidac, 45, 126, 304 
Spider, black widow, 235 
breathing of, 243 
classification of, 243, 250 
courtship of, 242 
details of, 283 


Spider, Continued 
diving, 165, 241 
habitats, 248, 250 
Spiders, 23, 26, 232, 234, 238, 250 
Spiders, jumping, 26, 235, 246 
webs of, 239, 240, 249 
wolf, 240 
Spike, 558 

Spiracle of insects, 272 
Spirobolus, 224, 229 
Spirogyra, 541 
Spittle insects, 275 
Sponges, 111, 196 
Sponges, fresh water, 17 
Spongillidac, 17 
Spoonbill, 51 
Sporophyte, 544 
Spring peeper, 391, 396 
Springtails, 282 
Spruce, 617 
Spruce, Norway, 681 
Squid, 21, 188, 198 
Squirrel, black, 486, 507 
flying, 53, 437, 507 
fox, 507 
gray, 507 
ground, 53, 508 
red, 507 

Squirrel corn, 666 
Squirrels, 53, 124, 491 
St. Elmo’s light, 105 
Stadia, 277 
Stamen, 557 

Staphylinidr.' 38, 269, 306, 351 
, Starfish, 47, • i6, 186 
Starling, 53, 443, 449 
Star-nosed mole, 498 
Statocyst, 176, 191 
Stem, function of, 551, 600 
plant, cross section of, 661 
Stenothermal animals, 61 
Steppe, 66 

Stickleback, 48, 370, 371 
Stigma, 557 
Stinkbugs, 321 
Stomotoca, 193 
Stomyxys calcitraos, 323, 332 
Stonefly, 31, 164, 169, 290 
Stone toter, 368 
Stork, 51 

Stratiomyiidae, 46, 158, 323 
Streamline form, 146 
Strepsiptcra, 47 





INDEX 


Streptoneura, 212 
Stiider, water, 85, 148 , 154, 155 
Strigidae, 52 
Strigifonnes, 52, 443 
Strobiloj^idae, 2Q, 217 
Sturgeon, 48, 890 ’ 

Stumidae, 5^ 448 
Style, 557 
Styli, 283 
SiAmentum, 268 
Substratum, 71, 76 
Subterranean animals, 76 
Succmeidae, 20, 217 
Suckers, 48 , 368 , 376 
Sulidae, 51 
Sumacs, 626 
Sundew, 661 , 567 
Sunfish, 49, 866, 367 
Sunfish, kinds of, 369, 370 , 874 
Superstitions about snakes, 404 
Swallow, bank, nests of, 449 
bam, 449 
Swallows, 52, 443 
Swallowtail, tiger, 96 
Swan, 51 
Sweat glands, 62 
Sweet gum, 624 
Swift, 425 
Swift, chimney, 441 
Swim bladder, 145 
Sycamore, 625 
Sylviidae, 53 
Symbiosis, 85, 86, 87 
Syngnathidae, 49 
Syrphidae, 46, 158 

T 

Tabanidae, 46, 158, 322 
Tabanus, 158 , 159 
Tachinidae, 46, 324 
Tadpoles, 394 
Talpidae, 53, 489, 498 
Tanagers, 4i3 
Tanager, scarlet, 53 
Tapetum, 59, 268 
Tarantula, 24, 232, 233 
Tarantula goison, 232 
Tardigradi^^ 

Tarsus, 265 
Taxaceae, 618 
Taxonomy, 11 
Tayassuidae, 54, 494 
Teaching trees. 613 


Teasel, card, 659 
Teiidae, 50, 425 
Teleostei, 48 
Temperature, 60 
Tendrils, 578 
Tenebrionidae, 39 
Tenthredinidae, 40, 320 
Termites, 32, 86, 287 
Termites, castes of, 288 
Termitidae, 32 
Terns, 52, 441 
Terraria, 655, 666 
Terrestrial animals, 132 
Testacellidae, 20 
Testudinidac, 50 
Tetranychidae, 27 
Tetraonidae, 51 
Tetrastichidae, 42 
Tcttigoniidae, 28 
Thalessa, 275 
Thallophytes, 539 
Theridiidae, 25, 235, 244 
Thomisidac, 25, 246 
Thrasher, 53, 443 
Thrasher, brown, 442 
Thraupidac, 53, 443 
Throskiornithid^ic, 51 
Thripidae, 33 
Thrips, 32, 294 
Thrushes, 53, 443 
Thuiaria, 193 
Thysanoptera, 32, 294 
Thysanura, 28, 103, 282 
Tibia, 265 

Ticks, 23, 26, 80 , 251 
Ticks, wood, 252 
Tiger, 113 
Tiliaceac, 629 
Tineidae, 45, 304 
Tingidae, 35, 321 
Tipulidae, 46, 323 
Titmouse, 52, 443 
Toad, comm'iri, 49, 387 , 

395 

croaking of, 393 
eggs of, 394 
Fowler's, 388 , 395 
hibernation of, 394 
narrow mouth, 49, 399 
Pickering’s, 396 
spadefoot, 49, 396 
tree, 389 , 396 
Toad^x, 659 


392 . 
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Toads, 49, 83, 115 
Toadstods, 542 
Tobacco worm, 278 
Topography of a bird, 487 
Tortoise, 49 
Tortricidae, 45, 304 
Touch-me-not, 666 
Tracheae, 273 
Tracheoles, 273 
Tree cricket, 284 
Tree families, 617 
Tree frogs, 396 

Tree-hopper, 33, 296 , 314, 318 
Tree mounting, 658 
Tree of Heaven, 627 
Tree outlines, 683 
Trees, bark of, 683 , 601 
characters of, 599 
destroyers of, 609 
growth of, 699 
native, 679 , 681 
Tree sponge, 197 
Tree study, methods ot. 612 
Tree values, 607 
Tremex, pigeon, 40, 329, 336 
Trichina, 84 
Trichocyst, 111 
Trichodectidae, 32 
Trichodesmium, 541 
Trichon iscidaa, 23 
Trichoptera, 47, 174 
Tricladida, 18 
Trionychidae, 50 
Triturus, 49, 384 , 387 
Trochanter, 264 
Trochilidac, 52 
Troglodytidae, 52, 443 
Trogulidae, 251 
Trombiidae, 26 
Trout, 48, 375, 377 
Trypetidae, 46 
Tropic bird, 51 
Trypoxylonidae, 336, 342 
Tube feet, 186 
Tuberculosis, 84 
Tubifex, 18, 204 
Tubiheidae, 18, 204 
Tubulariac, 18 
Tumble bug, 309, 330 
Tumble weeds, 572 
Turbellaria, 18, 193 
Turdidae, 53, 443 
Turkeys, 51, 441 


Turtle, Blanding’s, 418 
box, 417, 411 
geographical; 424 
marine, 417, 426 
mud, 49, 420 
musk, 49, 419 » 4^ 
paint^, 418 , 419 
snapping, 49, 421, 428 
soft-shelled, 56, 420, 484 
spotted, 419, 420 
wood, 419, 422 
Turtles, 49, 113, 416 
Turtles, habits of, 417 
Twigs, 606 
Twins, 116 
Tympana, 266 
Typhoid, 84 
Tyrannidac, 52, 443 
Tyrogliphidae, 26 
Tytonidae, 52 

U 

Uloboridae, 24, 244 
Ulothrix, 541 
Umbel, 558 
Umbilical cord, 473 
Umbo, 167 
Unguligradc, 74 
Unio, 208, 211 
Unionidae, 20, 211 
Univalve, 188 
Uric acid, 92 
Ursidae, 53, 489 
Urticaccao, 622 
Utricularia, 569 

V 

Vallt^meria, 552 
Valloniidae, 20, 217 
Valvatidae, 214, 215 
Vanessa, 314 
Vejovidae, 24 
Veliidae, 35, 321 
Velum, 190 

Venus' 6ytrap, 661 , 569 
Vertebrate characteristics, 
Vespertilionidae, 53, 498 , 
Vespidjpt< . 43, 335. 341 
Vibunium, 632 
Violet, common blue, 666 
Viperidae, 50 
Vireonidae, 53, 443 
Vireos, 53 443 
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Vivaria, 655, 666, 667 
Viviparidae, 214, 406 
Vole, pine, 514 
Vulture, 51 
Vulture, turkey, 51 

W 

Wagtails, 53, 443 
Walking-stick, 28, 284 
Walnuts, 619 
Walrus, 113, 491 
Wapiti, 525 

Warbler, blackpoll, migration of, 433 
mourning, migration of, 433 
Warblers, 443 

Wasps, 39, 42, 44, 82, 330, 335, 337 
Wasps, braconid, 84 
cuckoo, 42, 333 
digger, 335, 339, 340, 341, 342 
gall, 330 
ichneumon, 82 
mud dauber, 342 
potter, 132, 335, 342 
social, 43, ^5, 341 
solitary, 43 
spider, 42, 335 
thread-waistcd, 44 
Water, 63 
Water bear,. 27 
Waterboatmen, 34, 163 
Water dog, 360, 383 
Water in animals, 66 
Water life* distribution of, 145 
Water life, general characters of, 145 
Water moccasin, 415 
Water pennies, 172 
Water scorpion, 154, 156 
Water snakes, 408 
Water tiger, 155 
Waxwings, 443 
Weasel family, 503 
Weasel, least, 606 
Weasels, 53, 94, 113, 489, 503 
Weevils, 39 
Whale, 54, 115, 441 
Wheeler, 333, 352 
Whelk. 189 

Whll^poor-will, 52, 441 
Whirligigs, 37, 148, 156, 267 
T^tefish, 874 


Whiteflies,. 34, 314, 318 
Wildcat,* 53, 501 
Wild plum, 624 
Will-o-the-wisp, 105 
Willows, 618 
Willow, weeping, 679 
Wing, primitive, 269 
Wings, 262, 268 
Wings, vibration of, 125 
Wireworms, 308, 316 
Witch hazel, 572, 624 
Wolf, 53, 500 
Wolverine, 53, 504 
Woodchuck, 124, 491, 508 
Woodchuck, skull of, 478 
Woodpecker, rcd-headod, 449 
Woodpeckers, 14, 52, 443 
Wood rat, 606, 516 
Wood, uses of, 610 
Worm, horsehair, 204 
lug, 199 
measuring, 45 
Worms, 197, 202-205 
Worms, scale, 199 
Wren, Bewick's, 449 
house, 449 
Wrens, 52, 443 
Wren-tits, 53, 443 

X 

Xanthophyll, 554 
Xenarthra, 494, 506 
Xiphosura, 23, 243 
Xyelidae, 40 
Xylem, 551 

Y 

Yarrow, 669 
Yew, 86, 561 
Yucca, 561 

Z 

Zapodidae, 54, 519 
Zebra, 113 
Zonitidae, 20, 217 
Zoogeography, 11 
Zoology, 10 
Zygodactyla, 191 
Zygoptera, 30, 152 



